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PREFACE TO THE SECOND EDITION 

The exhaustion of the first edition of this book seems to indicate the 
desirability of issuing it in an improved form. Accordingly a strong effort 
has been made both to bring methods up to date and to add descriptions 
of new methods and apparatus. Among the additions are a complete, new 
dioxan technique for paraffin sections, directions for free hand manipu- 
lations of living material, methods for staining boutons terminaux, an 
account of the fused quartz rod method of illuminating living structure, 
a description of the microincineration method, a presentation of the 
centrifuge microscope and a description of fluorescent microscopy. The 
increase in the number of pages from 495 to 698 is an indication of the 
extent of new material added. There are also a number of new illustra- 
tions provided better to present the structure of pieces of apparatus and 
manipulation procedures. Particularly the index has been much im- 
proved. 

Once more I have to express appreciation for the understanding and 
helpful cooperation of the contributors to this volume, and for the in- 
valuable assistance of Dr. H. Irene Corey and of my daughter Mrs. Ruth 
M. Jones. My wife again lent her welcome assistance in the drudgery of 
proofreading. 

C. E. M. 

Philadelphia, Pa. 

Marchj 1937* 





PREFACE TO THE FIRST EDITION 

In two previous texts. General Cytology^ and Special Cytology, ^ edited 
by Dr. Cowdry, experts in various fields of biology have presented the 
results of their investigations. In the present work, which extends the 
series, the methods involved in these and similar studies are given. 

There are two general needs to be met by a work of this sort. The first 
is that of the inexperienced worker who requires specific directions which 
he may apply with confidence to the general run of material, with the ex- 
pectation of getting desired results. (Part I of this book outlines such 
standard methods.) 

The other requirement is that of the experienced investigator who 
seeks the latest approved methods for the accomplishment of special tech- 
nical results. (Part II presents this type of material.) In order to meet 
such a need as this, involving, as it does, the intimate knowledge of varied 
and often involved processes, the method of cooperation employed in the 
above-mentioned books is utilized. Workers highly experienced in the use 
of specialized methods describe these in detail. Since such directions will 
be consulted under terms which apply to the particular method or ma- 
terial it seems best to arrange these in appropriate chapters so that they 
may be reached directly as a group. In a discussion of these special meth- 
ods, by a system of cross references, given in the text, to the first part of 
the work, unnecessary repetitions of the descriptions applying to general 
processes are often avoided. Also through the cross references between 
these special articles it is possible to follow out completely the methods 
which can be applied to any particular type of material. 

The individual chapters and sections have been left largely as they 
w^ere sent in by their authors, and this has resulted in some variations of 
statement extending sometimes even to open contradictions. So long as 
our procedures have only an empirical basis, judgments will continue to 
vary. 

If one might draw a moral after reviewing, in an editorial capacity, 
the stated details of microscopical technology, it would be to the effect 
that while responsible for tremendous advances in our knowledge of liv- 
ing things, it is sadly in need of exact scientific bases for its own dicta. For 
precision and definiteness of results, microtechnique is now, and probably 
always will be, largely dependent upon individual skill, patience and 

^General Cytology. Ed. by E. V. Cowdry, Univ. Chicago Press, 1924. 

“Special Cytology. Ed. by E. V. Cowdry, N. Y., Hoeber, Ed. 2, 1933, 3 Vols. 

vii 
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judgment, but until we know just why a fixative or a stain produces a 
given result under one set o£ conditions and a different one under others, 
our interpretations lack an essential element of authority. There is much 
to be hoped from the present interest of chemists and physicists in bio- 
logical matters, if they will submit their conclusions to the review of those 
intimately familiar with the conditions under which organisms live and 
operate. 

Because this is a handbook for practical use there is no historical treat- 
ment and generally only such a bibliography as is necessary to complete 
an understanding of indicated methods. It is assumed that the book will 
be of interest particularly to workers in bacteriology, botany, cytology, 
embryology, histology and pathology, but the presentation of general 
methods in Part I makes it useful to any student of microscopic anatomy. 

Limitations of space make it impossible to describe the instruments 
and apparatus required for microscopical studies, but those interested 
will find in the work by Simon H. Gage*^ full information on the subject. 
For the same reason there are few indications given regarding the source 
of biological materials, but in Guyer’s “Animal Micrology'’^ there are 
numerous good directions of this character. In the encyclopaedic work 
edited by R. Krause^ there are exhaustive discussions of many topics 
briefly treated in the present work. The Vade-Mecum of Lee^ is a standard 
reference. For a detailed review of the chemical basis underlying micro- 
technical processes the work by Gustav Mann'^ is very helpful. 

It is a pleasure to acknowledge here the cordial cooperation of all the 
contributors, which has much lightened editorial' drudgery. To Dr. E. V. 
Cowdry I am much indebted for consulting with the publishers, during 
my absence from the country, while the book was in press. For much 
expert bibliographic and secretarial assistance I have to thank my assist- 
ant, Miss H. Irene Corey. For reading the proof of the entire book I am 
under obligations to my wife, to my daughter, Mrs. Ruth M. Thompson, 
and to Miss Corey. Finally it is a pleasure to acknowledge the cordial and 
sympathetic cooperation of Mr. Hoeber and his assistants. 


Phii.adei.phia, Pa. 
October, 1928. 


C. E. M. 


’'‘Gage, S. H, The Microscope. Dark field cd. Ithaca, N. Y., 1925. 

* Guyer, M. F. Animal Micrology. Ed. 2, Chicago, 1917. 

^’Krause, R. Enzyklopiidie der mikroskopischen Technik. Ed. 3, Berlin, 1927. 
‘' Lee, A. B. The Microtomists’ Vade-Mecum- Ed. 9, London, 1928. 

^Mann, G. Physiological Histology. Oxford, 1902. 



INTRODUCTION 


Judged by the quality of the preparations used as a basis for many 
investigations, the importance of technical processes is not fully appreci- 
ated. The value of the results obtained from any microscopical study is 
directly dependent upon the quality of the technique employed in prepar- 
ing the material. For this reason it is of utmost importance that every 
precaution be taken to secure the most accurate preservation attainable 
of normal conditions. It is unfortunately true, also, that no matter how 
highly developed a technique may be, faults in its application may entirely 
invalidate the results. It is not possible, therefore, by any mere statement 
of a process, to insure a high quality in the results of its use since so much 
is dependent upon the judgment and experience of the person employing 
the method. 

However, it is feasible, by a clear statement of the steps involved, and 
of the results obtained by others, to indicate with some definiteness the 
course of procedure which should be followed. If the beginner could sub- 
mit the results of his operations to one experienced with the method he 
would get definite suggestions of the highest value. In most cases the older 
worker, if convinced that the novice is really in earnest in his efforts, 
would give him sufficient of his time and experience to set him on the 
right way. 

In any method the steps concerned are highly interdependent and 
failure at any one point is very apt to make ineffective the care exercised 
in the operation of other parts of the process. Accordingly there is no 
factor involved which is so insignificant that it may be overlooked. 

It is fortunately the case that, after long experience, there has been 
developed a more or less standard technique which can be applied in most 
instances. The advantage of having such a common method to resort to 
lies in the fact that it affords a basis of compaiison between different 
materials prepared in the same manner. In many cases this is of the 
greatest value because variations in technical methods often lead to widely 
different results. 

However, it is quite impossible to apply any method effectively with- 
out understanding the reason for each of its steps. Mere application of a 
method by rote, with the expectation that thereby an accurate or standard 
result will be achieved, is quite a wrong procedure. There are so many 
factors involved in the use of reagents with protoplasmic material that 
an appreciation of the relations set up in each case is highly desirable. 


IX 
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Often very serious inconveniences can be avoided by a clear understand- 
ing of just what is essential in the operation. To illustrate this point a very 
simple case may be instanced. Many beginners have great difficulty in 
making paraffin sections adhere to the glass slip.^ Much valuable time is 
wasted in trying out various expedients when an understanding of the 
essential requirement of the process would immediately lead to proper 
practices. 

There are only two elements concerned in this step which require con- 
sideration. In the first place, the glass has to be chemically clean, which 
may be easily tested by noting •whether or not the dilute albumen water 
adheres as an even film over the entire surface. If this be accomplished the 
next consideration is to see that the paraffin ribbon is completely extended 
so that at all points it ultimately comes down into intimate contact with 
the glass surface. This can also be tested after the complete evaporation 
of the water by examining the section on the reverse side. If the ribbon 
has been completely spread each section is seen in its entirety applied 
closely to the surface of the glass. If it is not in contact with the glass an 
air space is clearly observable. Thus, by applying two simple tests, one 
may be assured before removing the paraffin that the sections are going 
to adhere. 

Similarly, in every other step of the process, such definite requirements 
must be met and for most of these there are clear tests. An understanding 
of the factors involved in each case accordingly makes one certain of 
results. 

For the beginner the one sure method of progress lies in a careful study 
of the errors that develop and their elimination through an understand- 
ing of the principles which have been violated. In the beginning, there- 
fore, progress is merely the perpetration of a series of errors and their 
correction as indicated. In order that this desirable end may be reached 
it is best to keep very careful records of all processes, noting the time ele- 
ment, the concentration of reagents, the interrelations of the steps, the 
nature of external conditions, and the appearance of the material as it 
goes through the process. Cards on which these records may easily be 
made have been designed, ^ and it is suggested that the beginner either 
make use of these or that he prepare others suited to his own particular 

^Confusion and uncertainty arise from the use of one term for two different objects 
and it is an unjustifiable practice. Accordingly, contrary to general practice, the glass 
upon which the sections are spread, usually 1X3 inches in dimensions, will be called 
the “slip”; the term “slide” being restricted to the mounted preparation, consisting 
usually of the object surrounded l)y an appropriate medium and lying between the 
“slip” and “cover glass.” 

^ Scammon, R. E. Kan. Univ ScL Bull, 4:4, 1908. 

Hance, R. T. Trous. /Im. Mfcr. 5oc., 35:1, 1916. 
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requirements. At any rate, the necessity for accurate and complete records 
cannot be escaped. 

The conditions to be met in the preparation of microscopical slides are 
set by the nature of the material to be studied and by the limitations of 
the instruments used for their study. In most cases the material is a mass 
of unstable colloidal substance, protoplasm, prone to rapid disintegration 
and of a size and character unfavorable for direct observation. It is gener- 
ally necessary that this (i) be so treated as to undergo no essential struc- 
tural change, but at the same time be so physically altered as to lend itself 
to manipulation; (2) that it be reduced to dimensions favorable to micro- 
scopical observation; (3) that the diverse elements present be colored dif- 
ferentially so as to become more strikingly apparent; (4) that the portions 
thus treated be mounted between pieces of glass of a convenient size and 
within a medium which will preserve them and present correct conditions 
of light refractions. These four requirements give rise to a series of 
processes, each of which is characterized by its own peculiar manipula- 
tions. They are described in their general application in Part I, and in 
their special uses in the succeeding chapters. 
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CHAPTER I 


SECTION AND NON-SECTION METHODS OF PREPARING 
MICROSCOPICAL SLIDES 

C. E. McGlung 

Methods of Reducing Material to a Physical State Adapted to Microscopi- 
cal Observation 5. Section Methods 3. Non-section 5. Detailed Description of 
Methods 6. Paraffin 6. Collodion 29. Freezing 32. Smear 33. Stretching 35. Teas- 
ing 36. Grinding 37. Macerating 37. Recent Modifications of the Paraffin Method 
38. A New Mounting Medium 40. Sectioning Refractory Tissues in Paraffin 40. 

A. METHODS OF REDUCING MATERIAL TO A PHYSICAL STATE 
ADAPTED TO MICROSCOPICAL OBSERVATION 

It is only rarely that material is naturally in a condition to be examined 
under the microscope without some manipulation. In general it is necessary 
to so reduce the mass as to permit light to pass through the object, since 
this is the manner in which most microscopical observation is conducted. 
There are two general means by which this requirement may be satisfied; 
first, the section method, which is the cutting of the mass of material into 
thin sections usually by means of a knife so that light may pass through; 
and, second, non-section methods, whereby the mass of material is sepa- 
rated by some physical or chemical means into sufficiently small particles 
so that light may pass through and around them. Of these, the method of 
sectioning is the one most commonly employed. 

I. Section Methods 

The modern methods of cutting sections represent a gradual develop- 
ment from the earlier simple ones up to the present highly specialized and 
more complicated procedures in common use. The older ones still find 
limited application in some cases. 

1. Unsupported Material, Naturally the first means employed was 
that of simply cutting sufficiently thin slices from the fresh material by 
means of a razor. This is now restricted largely to hasty examinations of 
plant tissues. (For a description of the method see p. 176) . 

2. Imbedded Material. It was soon found necessary to support the 
mass of tissue to be cut in some way, which was done by some form of 
imbedding. At first a support, such as would be afforded by pith or cork, 
was employed, but later the mass of material was included in melted 
paraffin or wax. These procedures, however, merely support the exterior 

3 ■ 
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of the tissue and in no wise contribute to the rigidity of the interior of the 
mass. They therefore are rarely used. 

3. Infiltrated Material. Methods of infiltration were then developed. 
In these the specimen is so treated that the supporting material may enter 
intimately into the mass and give it support at every point. Only by the 
use of such means has it become possible to secure serial sections of the 
uniform thickness required by modern microscopical methods of study. 
There are two media which are commonly employed for infiltrating, 
paraffin and collodion.^ These have each their advantages and disadvan- 
tages and the method chosen must have regard to the character of the 
material and the purpose for which it is to be used. The details of appli- 
cation of these two substances for infiltration will be found under appro- 
priate headings, but it may be desirable to indicate here the chief char- 
acteristics of the two. 

Paraffin as a Mediuju. The advantages of paraffin are that it readily 
permits one to secure thin sections preserved in a fixed serial order. The 
disadvantages are that large paraffin sections cannot readily be obtained 
and that some shrinkage occurs from the action of the clearing and infil- 
trating media, especially at the temperature required for keeping paraffin 
melted. 

Collodion as a Medium. The advantages of the collodion method are 
that large sections may readily be cut and in the absence of heat at any 
stage of infiltration shrinkage is avoided. Collodion may also be indicated 
for certain tissues which become hard when paraffin is employed for infil- 
tration. It is also true that, following certain fixatives, collodion may pre- 
serve the finest cytological details in cells which by paraffin infiltration 
become seriously altered. It is therefore desirable in every case to try both 
the paraffin and collodion methods if the very best results are desired. The 
disadvantages of collodion are that thin sections cannot readily be cut and 
the process of sectioning is relatively slow and in some ways more difficult, 
especially if serial sections are desired. 

Other Media. For special purposes gelatin, soap and other media may 
be better adapted than the two commonly used. (For an account of some 
such cases, see p. 178) , 

4. Choice of Medium. As is indicated, the choice of the infiltrating 
medium must depend on the nature of the material and the purpose for 
which the sections are cut. By considering the advantages and disadvan- 
tages of the various media it should be possible to select one which will be 
most suitable. 

5. Grinding, This method is applicable only to such dense substances 
as bone or teeth and therefore has a very limited use. 

^ Collodion, celloidin, parlodion, etc. 
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6. Characteristics of Section Methods. The advantages of sections 
as a means of miscroscopical analysis of structure are that the elements 
are preserved in their normal relations to each other and that they are in 
so thin a layer that the intimate details of cell and tissue structure may be 
observed. The disadvantages lie in the fact that in thus reducing the mass 
to thin sections, elements are cut through regardless of their natural 
boundaries and fragments of cells are then presented for study at certain 
points. 

No absolute rule can be given with regard to the proper thickness to 
which sections should be cut to secure best results. It all depends on the 
purpose in view and on the character of the material. In general, it may be 
said that, for optimum staining, the cells should be cut through, that is 
the sections should not exceed the average diameter of the cell, but it is 
also the general rule that for the study of very fine details of structure, 
thinner sections are best. The reason for this is that differentiation of 
stains, especially the iron hematoxylin stain, can best be secured in the 
absence of any great variation in the character of the material in the 
section. Thin sections reduce this variation. On the other hand when it 
is desired to study general relations, thick as well as thin sections are 
necessary. In chromosome studies, where smear preparations are not con- 
venient, thick sections will preserve the entire complex in certain cells so 
that there is no danger of counting fragments. Very thin sections range 
from 1 to 5/x, medium sections from 5 to 10^, and thick sections from 
10 fji up to 20 or ^OfjL. Sections of average thickness will be found generally 
most convenient for study. 

II. Non-section Methods 

If material is prepared by non-section methods the choice of means is 
strictly limited by the physical characteristics of the tissue. There is, there- 
fore, less flexibility here than in the case of section methods which can be 
applied to almost any type of tissue. 

1. Smearing, Of the non-section methods, the one most commonly 
employed is known as the smear method. The use of this is restricted to 
tissues of a fluid or semi-fluid character which may be spread in a thin 
film upon a glass surface. Such tissues as blood lend themselves inost 
readily to this operation and in this particular case almost require the 
application of such a method. 

2. Stretching. This method is rigidly limited in its application, 
being useful in the case of natural membranes which may be extended in 
so thin a layer that they are observable like sections. The only require- 
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merit here is a means for holding the membrane stretched while it is fixed. 
After that it is treated like a section. 

3. Teasing. The operation of teasing can be applied well only to 
fibrous tissues such as tendon and muscle. By means of needles the con- 
nective tissue is combed away from the fibers leaving them individually 
free or collected into small groups. 

4. Macerating. The three previously mentioned methods are all 
physical in character wdrile maceration is a chemical method of dissociat- 
ing elements. In its use a weak fixative is employed which differentially 
affects the various tissues so that the connective tissue becomes soluble 
and leaves free the elements which it bound together. This method may 
be used with a wide variety of materials. 

5. Choice of a Non-section Method. The non-section methods are 
limited in their use by the physical characteristics of the tissue and so 
the selection of any one of them is definitely indicated and does not re- 
quire further discussion. 

6. Characteristics of Non-section Methods. As contrasted with sec- 
tion methods, the non-section methods, aside from stretching, present 
individual elements entire, but dissociated from their normal relations. 
It is obvious, therefore, that when possible it is desirable to use both 
types of procedure. 

B. DETAILED DESCRIPTION OF METHODS 
I. Paraffin Method 

Since this is the method most commonly employed, the complete series 
of processes involved will be stated in detail and this will serve as a basis 
upon which to consider other less used methods. These steps follow in 
order, are mutually interdependent, and so have to be considered as a 
whole although it is desirable to separate the entire account into its steps 
in order that these may be better presented. 

While the general directions supply the information necessary for the 
accomplishment of certain results with a given method, there are so many 
details involved that a definite statement of the application of the paraffin 
method to a particular piece of tissue will be given. Because so often the 
technique is applied to visceral organs, one of these, the liver, will be used 
as an example. 

I. Killing is the act of stopping the vital processes of an organism. 
It might seem to be a relatively unimportant detail but it turns out to be 
quite the contrary, for in some cases, at least, the entire appearance of 
the cell depends upon this step. For instance, in the case of the first 
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spermatocytes of the Orthoptera, if the animal is killed by an anesthetic, 
the cytoplasm has a fine fibrous character in the metaphases and the 
chromosomes are well spread and clear in outline. On the contrary, if 
another animal is treated with cyanide, the cytoplasm at a corresponding 
stage is coarsely granular, the spindle is not over half the length of that 
in the other case, and the chromosomes are closely drawn together and 
indistinct in outline. Since these are elements of the greatest significance 
in the structure of the germ cells, it is quite apparent that the method 
of killing is of the utmost importance. In many cases this may not be so 
significant a step, but it is something which should always be considered. 
In general, the use of an anesthetic is recommended, particularly in the 
case of smaller animals. Larger animals may be killed by a blow on the 
head or by severing the spinal cord. In every instance the operation 
should be completed as rapidly as possible. 

If, for example, a rat is used, the animal should be placed in a glass cylinder 
with a tight fitting cover. Drop into this a piece of absorbent cotton saturated 
with chloroform. Allow the animal to remain until unconscious and then remove 
it from the vessel. Open the abdominal cavity by a median ventral incision if 
visceral organs are desired. From the organ cut a segment which should be 
about 5 mm. in linear dimensions. If it is desired to carry through any other 
pieces of tissue they should be removed at the same time. 

2. Marking. This is a means of attaching a clear and unequivocal 
designating number or character to a specimen. As soon as the material to 
be processed is removed from the body of the animal it should be defi- 
nitely marked in some way so that it may not be mistaken for any other 
specimen. In many instances it is important to preserve the animal from 
which the material has been removed, and in this case the same desig- 
nating character should be placed on the animal and upon the part 
removed from it. In case any considerable number of specimens are being 
investigated, the simplest means is to mark each with a serial number so 
that there may be no duplications. Such lot numbers are conveniently 
entered in a book, just as are the accessions in a library. Later, for pur- 
poses of convenience, classifications according to the subject matter can 
be made, but the existence of one unequivocal designation for each 
specimen in the collection is of the greatest importance. 

It is sometimes difficult to carry through the designating mark with the 
material, but it may be done by employing a vessel for each specimen. 
A very convenient way when many specimens are to be prepared at the 
same time, is to put the lot number on a convenient sized piece of paper 
with a pencil or water-proof India ink, and on the reverse side of the 
paper the fresh material just removed from the organism. Then the two 
are immediately immersed in the fixing fluid. In this way the piece of 
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ment here is a nieans for holding the membrane stretched while it is fixed. 
Aftei" that it is treated like a section. 

3. Teasing. The operation of teasing can be applied well only to 
fibrous tissues such as tendon and muscle. By means of needles the con- 
nective tissue is combed away from the fibers leaving them individually 
free or collected into small groups. 

4. Macerating. The three previously mentioned methods are all 
physical in character while maceration is a chemical method of dissociat- 
ing elements. In its use a weak fixative is employed which differentially 
affects the various tissues so that the connective tissue becomes soluble 
and leaves free the elements which it bound together. This method may 
be used with a wide variety of materials. 

5. Choice of a Non-section Method. The non-section methods are 
limited in their use by the physical characteristics of the tissue and so 
the selection of any one of them is definitely indicated and does not re- 
quire further discussion. 

6. Characteristics of Non-section Methods. As contrasted with sec- 
tion methods, the non-section methods, aside from stretching, present 
individual elements entire, but dissociated from their normal relations. 
It is obvious, therefore, that when possible it is desirable to use both 
types of procedure. 

B. DETAILED DESCRIPTION OF METHODS 
I. Paraffin Method 

Since this is the method most commonly employed, the complete series 
of processes involved will be stated in detail and this will serve as a basis 
upon which to consider other less used methods. These steps follow in 
order, are mutually interdependent, and so have to be considered as a 
whole although it is desirable to separate the entire account into its steps 
in order that these may be better presented. 

While the general directions supply the information necessary for the 
accomplishment of certain results with a given method, there are so many 
details involved that a definite statement of the application of the paraffin 
method to a particular piece of tissue will be given. Because so often the 
technique is applied to visceral organs, one of these, the liver, will be used 
as an example. 

I. Killing is the act of stopping the vital processes of an organism. 
It might seem to be a relatively unimportant detail but it turns out to be 
quite the contrary, for in some cases, at least, the entire appearance of 
the cell depends upon this step. For instance, in the case of the first 
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spermatocytes of the Orthoptera, if the animal is killed by an anesthetic, 
the cytoplasm has a fine fibrous character in the metaphases and the 
chromosomes are well spread and clear in outline. On the contrary, if 
another animal is treated with cyanide, the cytoplasm at a corresponding 
stage is coarsely granular, the spindle is not over half the length of that 
in the other case, and the chromosomes are closely drawn together and 
indistinct in outline. Since these are elements of the greatest significance 
in the structure of the germ cells, it is quite apparent that the method 
of killing is of the utmost importance. In many cases this may not be so 
significant a step, but it is something which should always be considered. 
In general, the use of an anesthetic is recommended, particularly in the 
case of smaller animals. Larger animals may be killed by a blow on the 
head or by severing the spinal cord. In every instance the operation 
should be completed as rapidly as possible. 

If, for example, a rat is used, the animal should be placed in a glass cylinder 
with a tight fitting cover. Drop into this a piece of absorbent cotton saturated 
with chloroform. Allow the animal to remain until unconscious and then remove 
it from the vessel. Open the abdominal cavity by a median ventral incision if 
visceral organs are desired. From the organ cut a segment which should be 
about 5 mm. in linear dimensions. If it is desired to carry through any other 
pieces of tissue they should be removed at the same time. 

2. Marking. This is a means of attaching a clear and unequivocal 
designating number or character to a specimen. As soon as the material to 
be processed is removed from the body of the animal it should be defi- 
nitely marked in some way so that it may not be mistaken for any other 
specimen. In many instances it is important to preserve the animal from 
which the material has been removed, and in this case the same desig- 
nating character should be placed on the animal and upon the part 
removed from it. In case any considerable number of specimens are being 
investigated, the simplest means is to mark each with a serial number so 
that there may be no duplications. Such lot numbers are conveniently 
entered in a book, just as are the accessions in a library. Later, for pur- 
poses of convenience, classifications according to the subject matter can 
be made, but the existence of one unequivocal designation for each 
specimen in the collection is of the greatest importance. 

It is sometimes difficult to carry through the designating mark with the 
material, but it may be done by employing a vessel for each specimen. 
A very convenient way when many specimens are to be prepared at the 
same time, is to put the lot number on a convenient sized piece of paper 
with a pencil or water-proof India ink, and on the reverse side of the 
paper the fresh material just removed from the organism. Then the two 
are immediately immersed in the fixing fluid. In this way the piece of 
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paper is firmly attached to the specimen by coagulation and may then be 
carried through the subsequent processes without danger of dislocation. 
If material, such as that from plants, will not adhere, it may be made to 
do so by using a little Mayer's albumen. If record cards are employed, the 
lot number is placed upon the proper card and, as the material passes 
through the subsequent steps, these are carefully recorded in order. 
Danger of neglecting to keep records of essential steps is thus avoided. 
The card, when completed, forms a part of the permanent record relating 
to the specimen and may be consulted at any time. 

3. Fixing is the process of preserving, by means of coagulation, the 
normal structural characters of organs, tissues and cells. Before fixation 
the greatest care must be exercised in manipulating tissues. They are 
easily injured by pressure and in many cases it is best to fix in situ. Where 
this is not possible the operation of removal should be conducted with the 
greatest care and the tissue disturbed as little as possible. In general, the 
smallest piece of tissue that will suffice should be used because the fixative 
penetrates larger pieces with difficulty. As noted under different fixatives, 
the degree of penetration varies. Picro-formol-acetic combinations pene- 
trate readily, as does the acetic acid, alcohol and chloroform combination, 
but osmic mixtures have very slight power of penetration. On the aver- 
age, pieces of tissue from s mm, to 8 mm. in diameter are best for all 
purposes. 

The process of fixation is one of the most important in the series. 
Upon its character all the remaining steps and the ultimate result de- 
pend, The endeavor here is to preserve in a permanent form, as nearly as 
may be, the exact configuration of cells and tissues in the living state. 
Obviously this cannot be exactly accomplished because living protoplasm 
is a gelatinous or semi-fluid material, and after fixation it becomes a 
solid. Since, however, this change is accomplished by the process of coag- 
ulation it is possible to preserve in the solid form essentially the same 
relations that obtained in the living state. It is only after considerable 
experience that one may accurately judge the operation of fixation, but 
in general it may be said that any evidence of shrinkage or swelling indi- 
cates that the process has not been perfect in its operation. 

It is claimed by some that, by the very nature of fixation, the normal 
structure has been destroyed, but a careful comparison between living 
cells and similar cells after fixation has demonstrated that the picture of 
the preserved material accurately represents that existing in life. This is a 
matter of fundamental importance, for, unless we are studying normal 
relations in the preserved material, nothing is to be gained by its use. It 
may be said, however, with every assurance, that a properly prepared 
specimen affords an accurate means for determining normal structural 
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conditions. Of course it is necessary to interpret microscopical images and, 
unfortunately, by speaking in terms of solid substances in cells, a mis- 
interpretation is involved. It is customary to refer to certain aggregates in 
cells as “granules’’ 'when, as a matter of fact, in the living cell these are 
droplets of varying degrees of density. If it is understood what is meant by 
such terms, however, there is no clanger of misconception. 

To be effective fixation must be accomplished as rapidly as possible, 
before any post mortem changes have taken place in the tissues. There- 
fore it is often desirable to apply the fixing fluid directly to the part in 
the body of the animal. This can easily be done in small specimens by 
opening the body, and in large ones by means of injections. There are 
very few instances in which a delay in applying the fixative is desirable. 
The general rule is to fix immediately and avoid any change due either 
to temperature or evaporation. 

Reagents. The reagents chosen should be adapted to the purpose for 
which the material is used. Some fixatives preserve nuclear conditions 
especially well, others those of the cytoplasm. In this general description 
of processes it will be assumed that the nuclear conditions are primarily 
in mind. The particular fixative that may best be used, again, depends 
upon the nature of the material. In some cases this requires a reagent 
which penetrates with extreme vigor and rapidity. In others it is necessary 
to choose one which is slower and more delicate in its operation. What is 
requii'ed in each case can be determined only by experience. In the fol- 
lowing description it will be assumed that the material considered is of 
the character found in some visceral organ in which extreme difficulties 
in peneti'ation will not be met. Under these circumstances extended re- 
cent experience has indicated that one of the picro-formol-acetic mix- 
tures may be selected with assurance of getting at least a good fixation 
in almost every instance. In most cases it is the best that can be obtained. 

The three substances, picric acid, acetic acid, and formalin have indi- 
vidually different effects upon protoplasm. Thus picric acid alone shrinks 
it while both acetic acid and formalin have a swelling action. The pro- 
portions of these reagents must therefore be adapted to the particular 
kind of material treated. Only previous experience, or a general knowl- 
edge of the nature of the material, will make it possible to choose at first 
the particular combination which will be most effective. Commonly, how- 
ever, the fixation obtained with Bonin’s original formula will be good 
(p. 560) . In case very resistant tissues are involved, the two fluids invented 
by Carnoy (p. 558) will commonly be most effective. 

In recent years it has been found that certain non-coagulating sub- 
stances like urea and sugar, when added to fixing fluids, have specific 
results. The choice here again depends upon the effect desired, which 
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can be learned only by experiment. However, in general it appears that 
the addition of something like 2 per cent of urea to certain fixing fluids 
materially improves the character of their operation. In the case of plant 
cells various sugars show specific effects (p. 207) . 

Assuming that the specimen has been appropriately excised and 
marked and that the proper fixing fluid has been prepared, the next step 
is to apply the fixative under appropriate physical conditions and for the 
proper length of time. Ordinarily the fixative may be used at room tem- 
perature, but for certain results, higher or lower temperatures may be 
necessary. It has been found, for instance, that adding urea to Flem- 
ming’s fluid and fixing Orthopteran cells at a temperature of o°c. reverses 
the relative density of nucleus and cytoplasm as compared with the re- 
sults of ordinary fixation— that is, the nucleus appears as a very dense 
body. For further discussion of this topic see Flemming’s fluid and Allen’s 
fluid (p. 561) . The length of time required for the best fixation depends, 
among other things, upon the nature of the material, the character of 
the fixative and the temperature. Some fixatives like the osmic acid mix- 
tures over-fix if employed for too long a period, while others, like certain 
picro-formol-acetic combinations, may be allowed to act indefinitely with- 
out injury. As a general guide it may be said that for ordinary tissues in 
pieces not over 4 mm. in diameter, fixation will be accomplished in from 
two to twenty-four hours. In view of the flexibility of the p.f.a. mixtures 
it is desirable in the beginning to employ them because the length of 
their operation has very little influence on the character of the end 
result. That is one of their many advantages. 

Since the reagents involved in these fixations are vigorous chemicals, 
it is generally necessary to use glass or porcelain containers and to avoid 
bringing any metal instruments into the fluids. If the specimen has been 
fastened to a piece of paper with the designating number upon it, it is 
convenient to float the material on the surface of the fixing fluid where it 
will be held by surface tension. This is an advantageous position for the 
material because it always remains at a normal concentration of the fixa- 
tive, whereas if it lies at the bottom of the vessel in a limited amount of 
fluid, the water extracted from the material dilutes the fixative as time 
goes on. To avoid any such contingency it is well to use a sufficient quan- 
tity of the fixative so that additional water will not affect its concen- 
tration. At the end of the process of fixation the material is completely 
saturated with the reagent and a certain proportion has chemically com- 
bined with the protoplasm. 

Hardening. The stronger fixatives, like the chromic acid combina- 
tions, mercuric chloride mixtures, etc., harden sufficiently so that no sub- 
sequent treatment is required. In the case of some of the more delicate 
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fixatives, however, further treatment with alcohol of high concentra- 
tion or with bichromate of potash is required. The material should be 
kept in 95 per cent alcohol or in 5 per cent bichromate until the desired 
consistency is reached, a period varying considerably with the size and 
character of the specimen. There is always a clanger of excessive harden- 
ing when treating unfamiliar material, but this can be avoided by testing 
at intervals. Due consideration should be given to the question of whether 
sectioning is to be done in paraffin or collodion. 

4. Washing is the process of removing the excess fixative from the 
specimen. The medium to be employed depends upon the nature of the 
fixative, but commonly it is water following aqueous fixatives. Only in 
the case of fixations with such weak agents as picric acid in the absence of 
formalin, is it necessary to wash out with alcohol in order to avoid 
maceration. Washing is completed when approximately all of the un- 
combined fixative is removed from the tissue. It is sometimes difficult 
to determine when this has been accomplished, but with the picro-formol- 
acetic mixtures it can be assured when the yellow color of the picric | 

acid is no longer strongly manifest in the washing fluid. As a general * 

rule, for fixatives like Flemming, Hermann (p. 560) , etc., it is desirable ' 

to wash out at least as long as the time involved in fixation and to be on i 

the safe side it should in most cases be longer than this period, if not ^ 

to exceed twenty-four hours. It is possible to facilitate the removal of | 

the fixative in some cases by adding certain substances to the washing \ 

fluid. Thus with picric acid, the presence of a small quantity of lithium t, 

carbonate lessens the washing period, while with mercuric chloride, 
iodine similarly hastens the process. It must be remembered also that in 
subsequent steps a continuation of the process of extraction may be 
counted upon. In most cases, moreover, a small quantity of the fixative 1 

will do no damage up to the time of staining. This is especially true of 
the p.F.A. mixtures. On the other hand, when mercuric chloride has been 
used, complete removal is necessary, otherwise the crystals remaining pro- 
duce artifacts and also injure the cutting edge of the microtome knife. 

If washing has been incomplete, in cases where chromic acid has formed 
a part of the mixture, the staining reaction with hematoxylin may be 
reversed in the nucleus. The general rule, accordingly, which should be 
adhered to, is to remove as completely as possible all traces of the fixing 
agents. 

To carry out the process of washing, in the example selected, the tissue is 
removed to a tall Stender dish filled with water, where it may again be floated 
on the surface. Only the excess of the fixing fluid is removed in the water, which 
may be done in about an hour. After this it is transferred to vessels containing 
successively 30 per cent, 50 per cent and 70 per cent alcohol. The intervals in 
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these various strengths of alcohol may be, for the first two, an hour each, and for 
the 70 per cent a sufficient length of time to remove most of the fixative. 

5. Staining in Toto. At this point it is sometimes advantageous to 
stain the mass of tissue entire, or, as it is commonly designated, in toto. 
Not all staining agents are useful for this purpose. Amongst the best are 
the carmine and cochineal mixtures. Hematoxylin combinations are less 
effective and rarely can aniline stains be employed at all. One of the best 
stains for this purpose is the alum-cochineal mixture, especially for em- 
bryos (pp. 284, 612) . Obviously, in this process, it would be necessary to 
employ a reagent which does not over-stain. Where material can be 
treated in toto, it is, of course, a very great advantage because the sections 
are all ready for mounting as soon as the cutting and attaching to the 
slip are accomplished. For embryological purposes this is a very good and 
frequently used method, but in cytological work it finds only limited 
application. 

To stain the piece of liver, place it, after dehydration, in alum- 
cochineal, diluted one-half, for five to ten hours. This gives a nuclear 
stain and if the picric acid has not been completely washed out a double 
stain will be obtained in which the yellow of the picric acid contrasts 
fairly well with the red of the cochineal. After staining, wash the speci- 
men for thirty minutes in water to remove the contained alum which 
otherwise would crystallize in the alcohols and cause difficulty in section- 
ing. A very precise and delicate stain of great transparency can be ob- 
tained by decolorizing with acid alcohol. 

6. Dehydration is the process of replacing water in the specimen, 
usually with alcohol. In most cases the material, up to- this point, has 
been in aqueous solutions, but it now becomes necessary to remove the 
water. It is not a matter of indifference how this is done, for the attrac- 
tion between water and alcohol is so violent that, in mixing, diffusion cur- 
rents or osmotic pressure often severely damages the tissues. For this 
reason it is customary to proceed gradually in the removal of water in 
either one of two ways: (1) by passing the material through ascending 
grades of alcohol of 30 per cent, 50 per cent, 70 per cent, 83 per cent 
and 95 per cent, and sometimes up into absolute alcohol; (2) increasing 
the concentration of the alcohol gradually by adding it slowly in small 
quantities to the water in which the specimen is placed. Whatever method 
is employed for adding the alcohols, arrangements should be made to 
secure a mixing of the fluids, since the lighter alcohol remains on the 
surface. A convenient way of doing this is by means of capillary syphons 
which add the alcohol to the water slowly, a drop at a time. In this 
case, facilitate mixing by agitation, either by stirring devices or by the 
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passage o£ a stream of air bubbles through the mixture. A vessel charged 
with compressed air may be connected with a small glass nozzle which 
reaches to the bottom of the fluid, and by regulating the flow of air the 
fluids may be kept completely mixed. It is advantageous to draw off por- 
tions of the mixture at intervals thus increasing the concentration of 
the alcohol (p. 254) . 

Still another way is to suspend the specimen, in a small cjuantity of 
water in a vessel with a membranous bottom in a tall cylinder of 95 per 
cent alcohol. The water, because of its greater specific gravity, descends 
to the bottom of the cylinder, leaving the specimen bathed in the stronger 
alcohol at the top. This is not so satisfactory because the interchange 
between the water and alcohol may be violent. 

At the end of dehydration the water is completely removed from the 
specimen and in its place is found absolute alcohol, if this be used. It is 
very important to see that this end is reached, and sufficient time should 
be given in the final strength to secure this result. There is little danger 
of shrinkage in 95 per cent alcohol, and for this reason it is a safe prac- 
tice to permit the tissue to remain in it for twenty-four hours or longer. 

The various grades of alcohol have their particular effects upon the 
material and some of these have practical advantages. In lower grades 
maceration may be accomplished, if this is desired, while in the interme- 
diate, such as 70 per cent, material may be kept indefinitely. Beyond the 
strength of 70 per cent, especially in absolute alcohol, hardening occurs, 
accompanied by shrinkage, and for this reason it is not desirable to 
prolong action here any more than is necessary. 

While it is possible to proceed directly from 95 per cent alcohol or 
absolute, into xylol, it will be found a matter of convenience to pass the 
material into a mixture of equal parts of 95 per cent alcohol and xylol. 
This mixture should be entirely clear and if it is not so it indicates that 
the alcohol has fallen below 95 per cent and sufficient absolute should be 
added to make a clear mixture. It is sometimes necessary, in the case of 
delicate tissues, to replace the alcohol very gradually by the drop method. 

7. Clearing is the process of removing the alcohol in the specimen 
with some fluid miscible with paraffin. In order to carry the material 
from alcohol into paraffin it is necessary to interpose this intermediate 
step. For this purpose some substance must be used which, on the one 
hand, mixes readily with alcohol and, on the other, dissolves paraffin— 
commonly one of the hydrocarbons, such as benzol, xylol or toluol. 
Chloroform, turpentine or any of the essential oils can be utilized, and 
for many purposes aniline oil is advantageous. If the essential oils are 
used the piece of tissue becomes entirely translucent when the alcohol is 
completely removed, hence the name of the process. That is true also of 
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aniline oil, but xylol or chloroform does not produce so marked a clearing 
effect and it is therefore more difficult to determine when their action is 
complete. 

Because it is sometimes difficult to secure full dehydration within a 
limited time, the practice of clearing in aniline oil has been growing. If 
aniline is employed the tissue may be transferred to it from 95 per cent 
alcohol or even from a lower grade (p. 256) . To avoid carrying the ani- 
line over into the paraffin, treatment with chloroform is given the tissue 
until most of the aniline is removed. Two changes of five minutes each are 
often sufficient. 

In clearing reduce the time of the operation to the shortest period 
since shrinkage occurs. In most cases, change the clearing fluid at least 
once in order to avoid caiTying over any alcohol into the paraffin. At the 
end of this process the alcohol is completely removed and all portions of 
the tissue are filled with the clearing agent. A piece of tissue, such as is 
being described, would probably require two or three hours for complete 
removal of the alcohol. 

8. Infiltrating is the process of replacing the clearing agent in the 
specimen with melted paraffin. Paraffin at ordinary temperatures is a 
solid and in order that it may penetrate the tissues and replace the clear- 
ing agent it is, of course, necessary to make it a fluid by means of heat. 
This has introduced a complication of considerable magnitude, which, 
however, may be avoided by a very simple means. It was formerly cus- 
tomary to employ very elaborate water baths with thermo-regulators in 
order to keep the melted paraffin at a constant temperature. The same 
end may be readily accomplished in a much simpler and more effective 
fashion by placing the paraffin in a cylindrical vessel, like a tumbler, over 
which is suspended an incandescent lamp which will give sufficient heat 
to melt the upper portion of the paraffin. The 150 watt nitrogen filled 
bulbs on the market now do this very well. In practice, the tumbler, three- 
fourths full of paraffin, is placed beneath the incandescent bulb which 
is so adjusted in relation to it that a layer approximately an inch in 
depth remains in a fluid condition. Into this is transferred the specimen 
saturated with clearing fluid. Some materials require a gradual substitu- 
tion of the clearing agent, which is accomplished by dissolving increasing 
amounts of paraffin in the bath of clearing fluid in which the specimen 
lies. 

Under the conditions of the operation just described the piece of tis- 
sue drops to the bottom of the melted paraffin and comes to rest in a layer 
near the melting point. If the temperature increases, the paraffin melts 
down further, but the specimen drops with it and so it never can become 
overheated. At the same time the clearing fluid, being lighter than the 
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paraffin, rises to the surface, where the temperature is greatest and is thus 
more I'apidiy evaporated. The piece of tissue remains in the melted paraf- 
fin in general somewhat longer than the time required to clear the 
specimen. There is no way of telling when the clearing fluid is completely 
removed by the appearance of the material, and so some such arbitrary 
rule has to be followed. While immersed in melted paraffin the material 
constantly undergoes shrinkage after most clearing fluids. The time of 
its operation is therefore reduced to a minimum. 

There are many grades of paraffin determined by the temperatures 
at which they melt, and the choice of the particular one to be employed 
depends upon the character of the material and also upon the tempera- 
ture at which the sections are to be cut. The general principle involved 
here is to select a grade of paraffin which, at room temperature, somewhat 
nearly approximates in density the specimen itself. If there is a wide dif- 
ference in this xespect the sections will be imperfect through compression, 
if the paraffin be too soft; or through cracking and breaking if it be too 
hard. Sections in soft paraffin form ribbons well, but are difficult to 
handle. Very hard paraffin may fail to ribbon except at high room tem- 
peratures. A marked difference in density between object and paraffin 
results in the generation of troublesome static electricity in sectioning. 
Under ordinary conditions a grade of paraffin melting between 54°c. and 
6o®c. is most useful, but in case very hard material is to be cut, a paraf- 
fin of higher melting point is necessary. Here enters another complication, 
however, because if a hard paraffin is cut at a temperature widely re- 
moved from its melting point it becomes brittle and does not section well. 
Under these circumstances it is necessary to raise the temperature of the 
room in which the cutting occurs in order to bring about a proper rela- 
tion between room temperature and density of the paraffin (p. 620) . For 
ordinary room temperatures the grade of paraffin chosen for specimens, 
such as a piece of liver tissue, should be of a melting point of about 
58 °c. The specimen would probably be completely infiltrated in three 
hours. If many specimens are being carried through at one time, transfer 
them into a fresh bath of paraffin. To completely evaporate the dissolved 
clearing agent allow the paraffin to remain in the melted condition for 
some time after the specimens are removed. Occasionally the jar of paraf- 
fin should be melted completely so that any suspended particles may 
sink to the bottom. No attention to the tissue is required while in the 
paraffin and other work may be carried on advantageously during this 
interval. By a careful arrangement of the different operations much time 
may be saved in this way. 

At the end of the operation of infiltration the clearing fluid has been 
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completely removed and all interstices of the specimen are filled with 
paraffin in the melted condition. 

9. Imbedding is the process of enclosing the specimen in a con- 
venient block of solid paraffin. The size of the block is determined in a 
variety of ways, such as forming paper boxes of appropriate dimensions 
or by manipulating metal blocks upon a glass plate so as to produce a 
chamber of proper size. Perhaps the best imbedding method of all is the 
one called the watch glass method. In this an ordinary rounded watch 
glass is very lightly coated with glycerin by rubbing a moistened finger 
over the concave surface. Into the glass, by means of a warm pipette, is 
placed a quantity of melted paraffin from the dish in which the specimen 
has been infiltrated. With proper manipulation a rounded body of paraf- 
fin may be built up by cooling the outer surface and slowly adding at 
the center additional amounts of melted paraffin. At the same time a 
thin film of hardened paraffin forms at the bottom of the dish and when 
the conditions are right the specimen is removed from the infiltration 
vesvsel by means of warmed forceps and deposited in the proper position 
within the mass of melted paraffin in the watch glass. Here it is oriented 
in relation to the table surface so that the plane of sectioning is thus 
indicated. Care should be taken to see that the amount of paraffin above 
the specimen is of some extent because on cooling there is considerable 
shrinkage, and the specimen should lie completely enclosed within the 
hardened mass of paraffin. By conducting these manipulations within 
the area heated by the incandescent bulb, convenient conditions of tem- 
perature may be found for good imbedding. 

As soon as the tissue is thus arranged, by blowing on the surface of the 
paraffin a film can be produced and when this is of sufficient thickness so 
that the water will not easily break it, the watch glass with its contents 
is lowered slowly into a dish of cold water. When it is completely sub- 
merged the glass is allowed to drop to the bottom of the container. The 
purpose of this rapid cooling is to harden the paraffin before it has time 
to crystallize. 

One advantage of the watch glass method over others is that in this 
process of cooling the mass of paraffin shrinks towards the center and is 
brought into most intimate contact with the material. If, on the contrary, 
the paraffin may adhere to the rigid walls of a vessel on cooling, it tends 
to draw away from the specimen and thus produces a difference in density 
in the immediate vicinity of the specimen. 

After a time the glycerin film between the paraffin and the glass dis- 
solves and the block of paraffin rises to the surface. If the specimen has 
been carried through upon a slip of paper with a lot number upon it, this 
can be read through the thinner layer of paraffin at the bottom and the 
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material easily identified. Specimens thus imbedded may be kept indefi- 
nitely without change and cut at any time. 

10. Blocking and Trimming are processes concerned with getting 
the specimen into a determinate block of paraffin which is of such a 
character as to produce readily a continuous series of sections when cut 
on the microtome. In preparing the material for attaching to the micro- 
tome, mount the block of paraffin with the contained specimen on some 
support which fits into the object holder. Most microtomes have metal 
discs that are designed for this purpose, but it is more convenient in 
general to use a cylindrical wooden block upon the end of which the 
paraffin mass is attached. A very convenient way to make this connection 
is to stand the wooden cylinder on end, after having first filled its pores 
with melted paraffin. A section lifter is warmed in a flame and laid upon 
the paraffined end of the wooden block and at once the paraffin mass 
is brought down upon this heated section lifter, which is then immedi- 
ately withdrawn, thus bringing the paraffin and wooden blocks into con- 
tact. In this way the melted paraffin attaches the specimen firmly to the 
wooden support. Since the specimen was so adjusted that the plane of 
sectioning corresponds to the bottom of the mass of paraffin, the plane 
of cutting is now indicated by the upper surface of the wood. To bring 
about a firmer union between the paraffin and the wooden support, im- 
mediately after withdrawing the heated section lifter, plunge the mount 
into a vessel of cold water. 

As a further preparation for sectioning, the excess paraffin about the 
specimen must now be removed. The manner of accomplishing this is as 
follows: 

By means of a safety razor blade or similar cutting instrument, the paraffin is 
gradually trimmed up towards the specimen until there is produced a plane 
figure of four sides, two of which are parallel, the third at right angles to these 
two, and the fourth at a slightly acute angle with one of the parallel sides; in 
other words, a trapezoid with the specimen lying near the center. It is necessary 
to have two parallel sides, which on sectioning are the ones in contact with the 
cutting edge of the knife. The purpose of the inclined edge is to indicate one 
side of the ribbon by means of a notched contour. This is very helpful later in 
handling the segments of the ribbon. 

In trimming the block, two points should be borne in mind aside from those 
already mentioned. First, do not extend the cutting below the level of the bot- 
tom of the material very far. The reason for this is that it is best to have as much 
support as can be gained, and, by removing no more paraffin than is necessary 
to clear the material, this is aided. Sometimes, when a very long piece of sub- 
stance is being cut, it is desirable to trim only part way down its length and then 
by successive trimmings to carry the shaping to the bottom of the piece. The 
other point to be kept in mind is to trim the paraffin as near to the contained 
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material as possible without at any time touching it. By having only a slight 
amount of paraffin around the substance its sections are brought very near to- 
gether on the slide and thus a more compact mount is secured. If, however, the 
trimming exposes the material at any point the sectioning is more difficult and 
of course an injury is done to the specimen. 

It is very difficult to orient and trim the block about a specimen which 
is of about the same color as the paraffin in which it is enclosed. It is 
therefore helpful, in case of a fixation which does not color the tissue, to 
tint it in its passage through the higher grades of alcohol with eosin or 
some other bright color which will serve to mark outlines clearly. If the 
color is undesirable later it can easily be removed by leaving the sections 
sufficiently long in alcohol. 

II. Cutting is the process of removing successive sections of uniform 
thickness, usually in the form of a ribbon, by the operation of a knife in 
a machine called a microtome. Not very much that will be helpful in 
learning proper methods of sectioning can be given by means of verbal 
description because so much of the facility necessary in this operation 
comes only through experience. However, there are some general fea- 
tures which may be mentioned and which will be of service. First, the 
specimen should be so mounted in the holder that the two parallel sides 
of the paraffin block are strictly parallel with the cutting edge of the 
knife at the moment of passing it. Next, the holder should be so ad- 
justed that the plane of up and down movement corresponds to the 
plane through which the section is desired. The knife should be inclined 
at such an angle to the plane of sectioning that the paraffin strikes it 
only at the extreme edge. Most knives have a secondary plane of in- 
clination extending only a short distance from the cutting edge and this 
is the one to be considered in arranging the inclination. On the other 
hand, the slope of the knife should not be excessive. It should be as 
nearly vertical as it is possible to get it while avoiding contact anywhere 
except at the cutting edge. The reason for this adjustment is that the 
more nearly vertical the knife is the less resistance it offers in passing 
through the specimen and the more nearly perfect the section it cuts. 
On the other hand, if the knife is not sufficiently inclined the block drags 
over the back knife surface below the cutting edge and injures the speci- 
men. Too great an inclination of the knife edge breaks the sections and 
crumbles them. It is thus obvious that the proper inclination of the knife 
is an important matter. In order to present the most rigid cutting edge, 
the knife should be damped in the holder as near to the specimen as is 
convenient. The better forms of microtomes have holders which are 
adjustable in this way. Make all of the adjustments on the microtome 
to secure the greatest degree of rigidity. Any movement, either of the 
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knife or of the specimen, aside from that provided purposely, is inimical 
to good sectioning. 

It is hardly necessary to say that only with a perfect cutting edge on a 
knife can good sections be obtained. Any nicks or irregularities will pro- 
duce glaring defects in the section. 

In cutting sections there appear certain faults which permit of sug- 
gestions as to causes, and remedies which may be applied. One of the 
most common faults is a ribbon which, instead of coming off perfectly 
straight, with sections of even dimensions, is curved. This form is due 
to the fact that each section is a little narrower on one edge than the 
other, which may be due to trimming the block so that the two edges 
striking the knife are not exactly parallel. Thus each section instead of 
being a trapezoid, is wedge-shaped. On other occasions the curved form 
of the ribbon may appear even when the two edges of the block are 
parallel. This effect may be occasioned by greater density at one side of 
the block than at the other, in which case the denser half is wider and 
so produces the same result as converging sides in the block. If the knife 
edge is not uniformly sharp throughout a difference in section width may 
thus be produced. 

If the sections are much less in diameter than the face of the block 
from which they are cut, there is a difficulty either with the sharpness of 
the knife edge or its inclination to the plane of sectioning. In extreme 
cases the section will be forced into folds that cohere so firmly that it is 
impossible to straighten the section out completely. If the room tempera- 
ture is too low, the sections may break across at intervals. This effect is 
exaggerated if the inclination of the knife is excessive. The nearer the 
diameter of the section produced is to that of the block from which it is 
cut, the more perfect is the sectioning. Any excessive disproportion here 
should lead to an investigation of the causes before the sectioning is con- 
tinued. 

Sometimes the ribbon will cut perfectly for a while and all at once a 
slit will appear in the sections. In most instances this is caused by the 
accumulation of material on the edge of the knife which produces a break 
in each section and so splits the ribbon. Without removing the ribbon 
from the knife edge this place should be cleaned off with an upward 
motion of a soft stick. Always avoid bringing any metal instrument in con- 
tact with the k7iife edge. If this procedure does not remedy the difficulty, 
the split is probably caused by a fault in the knife edge, in which event 
the knife should be slid laterally so as to produce the cut in another place. 
An air-bubble or other fault in the paraffin block may produce a split 
ribbon. 

One of the most annoying circumstances occurring in paraffin section- 
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ing is the production of static electricity in the ribbon, which causes it to 
Hy violently towards other objects to which it adheres. This may be 
avoided by seeing that there is not too great disproportion in density 
between a specimen and the paraffin, since the electricity is in part pro- 
duced by differential friction in regions of the block; in other words, the 
pai'affin must be sufficiently hard (58 °c.) and the infiltration complete. 

Irregularities in the thickness of a section may be caused by lack ot 
rigidity in the knife or in the block, by irregularities in the feed mecha- 
nism or by variations in the speed wfith which the sections are cut. In 
general it is best to cut at a moderate rate of speed which is kept uni- 
form throughout the process, avoiding any stops if this is possible. Under 
favorable circumstances the entire ribbon may be cut without breaking 
and with very little variation in the thickness of the individual sections. 
Obviously it requires a very fine mechanism to produce several thousand 
sections of absolutely uniform thickness. Even with the very best ma- 
chines it is impossible to avoid irregularities unless every condition is 
favorable. There should not, however, be any marked variation in succes- 
sive sections. If it should happen that one section is very much thicker 
than the preceding one it is probably due to an irregularity in the feed 
of the microtome so that the block adjustment moves forward irregularly, 
to loose adjustment of knife or specimen, or to too vertical a knife. 

These difficulties are a few of the many that may occur in the cutting 
process and each of them has a definable cause which, when discovered, 
permits of a remedy. It should, therefore, be the endeavor of the operator 
to study the difficulty carefully and determine its cause before proceeding 
with the sectioning operation. When very careful work is done on serial 
sections it is important to have the ribbons as straight and uniform as it 
is possible to get them. Much time is lost in passing from one section to 
another, when cells or structures which should be in alignment are so 
displaced that they fall without the field of a high power objective. A 
little time devoted to improvements in the process of sectioning may save 
a very large amount of work subsequently. 

Manipidation of the Paraffin Ribbon. As has been noted, the char- 
acter of the ribbon depends in considerable measure upon the rate and 
regularity with which the sections are cut. There are also some small 
manipulations which greatly facilitate the obtaining of a ribbon of the 
first quality. If it is at all possible the ribbon should be cut without 
stoppage and wound upon a cylinder entire. This is often difficult of ac- 
complishment and if it becomes necessary to separate the ribbon it should 
be done, not at the knife edge, but at some little distance from it, leaving 
a short segment of the ribbon attached. In this way when the cutting 
is resumed the ribbon will be maintained and the danger of loss from 
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the first sections rolling up will be avoided. In laying the ribbon down a 
uniform order should be used habitually. The order followed in writing, 
e. g., beginning at upper left hand corner of container, etc., is con- 
venient. 

In mounting the sections on the glass, care should be taken to see that 
the polished surface of the ribbon goes next to the surface of the glass. 
Sections adhere better when mounted in this way. If the block has been 
trimmed with one inclined lateral margin the ribbon will show a serrate 
edge which will mark that side of the sections. Thus with the one sur- 
face and one edge determined there will be no danger of inverting the 
order of the sections or of turning the segment upside down. It is of the 
utmost importance in serial sections to maintain the exactness of seria- 
tion. 

If a number of blocks are cut at one time it should be the practice to 
mark upon the container carrying the ribbon the exact serial number 
which belongs to it. If this is not done it is impossible to avoid confu- 
sion. During all the processes it should be the practice to keep attached 
to the sections their exact designation. 

12. Spreading is the process of extending sections by heat until all 
effects of compression in sectioning are removed. If the operation of 
sectioning has been a success the entire block may appear in a continuous 
ribbon of sections. In this event cut the series into segments of appropri- 
ate length for temporary storage in some convenient container having a 
clean, smooth paper bottom. For mounting the ribbon is divided into seg- 
ments of proper length to fall within the limits of a cover glass. In mak- 
ing such divisions it must be remembered that the ribbon expands some- 
what in spreading, and allowance should be made for this. If the width 
of the face of the block is known the number of sections that can con- 
veniently be placed under the cover can be determined by noting how 
many times the dimension will go into the length of the cover. It is de- 
sirable, also, to allow some space at each edge of the cover so that the 
sections will not lie too near its limits. Having determined the proper 
length of ribbon segment, take enough of these to occupy the width 
of the cover glass. 

To prepare the glass slip for receiving the sections it is necessary to 
remove from its surface all foreign material. Commonly this is done by 
soaking a number of glass slips in battery fluid (p. 77) . In place of this 
some technicians use acid alcohol. Do not touch the glass with any 
cloth that has not been washed in acid water. Paper towels are clean 
and convenient for drying. By these means the substances accumulated 
on the glass surface are removed and it is left chemically clean. This is 
an absolute requirement. As has been indicated previously, the efiective- 
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ness of cleaning may be tested by noting whether the albumen water 
adheres uniformly over the entire surface. If it should show any tendency 
to roll up into droplets it is a sure test that the surface is not perfectly 
clean and the slip should be returned to the battery fluid and left. 

Upon the thoroughly clean glass slip is placed a quantity of dilute 
albumen water (p. 620) . On this are arranged the segments of the ribbon, 
placed so that the first section of the first segment is at the upper left 
hand corner. The succeeding sections follow each other as do the words 
in the lines of a printed page. When these segments are properly placed 
the glass slip is laid upon the table beneath the incandescent lamp which 
was used to melt the paraffin. At this distance the paraffin ribbon will 
probably not melt. If it is found that there is a tendency for it to do so 
the lamp should be lifted somewhat so that there is no danger of over- 
heating the sections. At the same time the temperature should be very 
near to the melting point for the best results. As soon as the heat begins 
to affect the ribbons the sections expand and eventually reach a dimen- 
sion equal to that which they would have in the absence of compression 
during sectioning. At this time the paraffin, previously showing white, 
becomes translucent so that against a black background it is hardly vis- 
ible. The requirement here is to secure complete extension of the ribbon. 
Any irregularities in the ribbon, if not removed at this stage of the 
process, will remain permanently as ridges or waves in the sections. 

When the ribbon is completely extended, the preparation is cooled, 
the excess albumen water is drawn away, and the ribbons are manipulated 
by means of pieces of absorbent paper so that they lie perfectly straight 
and parallel on the slip with the sections of different rows in lines at 
right angles to their length. When this has been accomplished, absorbent 
paper is used to draw off the excess fluid and the mounts are placed in 
covered receptacles so that they may not be exposed to the dust. 

It is convenient at this time to mark each of the slides permanently 
with a distinguishing number, as indicated under “Labeling” (p. 28) . 

13. Drying is a process of removing the remaining water by heat. 
The slips with the sections upon them are placed in some warm place, 
such as in the neighborhood of the incandescent lamp, where they are 
allowed to dry completely. It is best to let them rest in this position for 
several hours-overnight if possible. At the end of that time the water is 
completely removed from beneath the sections and they should then lie 
intimately in contact with the glass surface. Whether they do or not can 
be determined by turning the slide over and having the light from the 
window reflected from the surface of the section next to the glass. If it is 
in immediate contact it will show its complete surface without interrup- 
tion. Should it, in whole or in part, be separated from the glass by an 
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air space, this will show as a silvery white area. If there is very much of 
this separation the section will slip away from the glass after the removal 
of the paraffin. When spreading has been so incomplete that the sections 
are nowhere adhering to the glass they may sometimes be refloated on 
dilute albumen water and further spread, after which they are dried 
as previously directed. Completion of the spreading process should find 
the entire series of sections directly absorbed to the glass surface. 

In preparation for the succeeding steps a definite arrangement of 
materials is desirable. Accordingly a brief account of the equipment will 
be given. Commonly the sections are mounted on glass slips 25 mm. X75 
mm., but embryological mounts are often made upon slips as large as 
50 mm. X 75 The size of the vessels employed is accordingly to be 
determined by the dimensions of the slips. There are two general means 
utilized for carrying the preparations through the various solutions. One 
of these is to place them in a proper sized glass box with divisions for 
holding the slides uptight and allow them to remain in this vessel, to 
which the different solutions are successively added and withdrawn. The 
other is to lift the slides from one vessel to another containing appro- 
priate media or reagents. If large numbers of slides of a similar char- 
acter are carried through at one time the former method is better because 
it avoids handling them individually. 

If, on the contrary, a small number of slides or those of diversified 
character are to be handled, they must be treated individually and under 
these circumstances the more convenient way is to transfer them from 
one vessel to another. For this purpose a jar of distilled water and a 
series of alcohols, each contained in its separate tall Stender dish, are 
arranged in order from 30 per cent to 95 per cent, followed by a Stender 
dish containing a mixture of equal parts of 95 per cent alcohol and xylol 
and finally a jar of pure xylol. Since the slides are run both up and 
down the series, there is some advantage in having two jars of xylol, one 
used in the ascending series and the other in the descending. If the sec- 
tions are to be stained on the slide there should be Stender dishes with 
appropriate solutions. 

14. Decerating is the process of removing paraffin from the sections. 
Until the sections are quite firmly adherent to the glass the paraffin is 
necessary to support the tissue but when thus attached they no longer 
require the paraffin, and, since it interferes with the further operations of 
staining and mounting, it must be removed. This is done most con- 
veniently by plunging the entire slide into a jar of xylol, which almost at 
once dissolves the paraffin. If large numbers of similar slides are carried 
through in the glass boxes, the only difference will be that the fluids are 



24 MICROSCOPICAL TECHNIQUE 

successively applied to the slides in the one container. After the removal 
of the paraffin the sections must never be allowed to dry. 

15, Preparation for Staining. There are no stains commonly used 
which are dissolved in the medium employed to remove the paraffin, so 
the xylol must be displaced before staining is possible. The first step then 
is to dissolve out the xylol with 95 per cent alcohol from which the sec- 
tions are directly transferred to the stain, if it is an alcoholic one. In case 
the stain is aqueous, as it commonly is, it is necessary to hydrate the 
sections by running them down through graded alcohols from 95 per 
cent. 

Transfer the slides successively into the jars containing a mixture of 
alcohol and xylol and down through the descending series of alcohols to 
water. The slides should remain in each bath of alcohol only long enough 
to secure the substitution of that strength for the one preceding. This 
is indicated by the uniform appearance of the fluid as the slide is lifted 
from the jar. So long as there is a difference between the strength of the 
alcohol in the sections and that of the solution, diffusion currents will 
appear. In proceeding down the series it is not necessary to be particu- 
larly careful about drawing off the alcohol of the higher concentration 
since it only serves to increase the percentage already present. However, 
in proceeding in the reverse direction, in order to avoid diluting the 
alcohols of higher concentration it is best to remove the excess fluid with 
absorbent paper. A paper towel to which the slides are touched is con- 
venient for this purpose. 

16. Staining. This is the process of increasing the visibility and con- 
trast of cell and tissue parts by their differential reactions to dyes (for 
details relating to staining see p. 573) . According to the method of their 
application stains fall into two classes, first, the progressive stains which 
are opcTated by leaving the sections exposed to their action until the 
desired degree of coloration is reached; and, second, regressive stains 
which are allowed to act until overstaining is accomplished, after which 
the desired degree of differentiation is brought about by removal of the 
excess coloration. It will serve the purposes of the present outline to indi- 
cate how representative examples of these two methods may be employed. 

Common stains are primarily nuclear stains and of these hematoxylin 
is probably the best. It may be applied in either of the two ways indi- 
cated. As an example of direct staining we may consider the application 
of Delafiekhs (p. 613) hematoxylin or Mayer’s (p. 469) haem-alum. 

The sections with the paraffin removed and hydrated are ready to be 
placed immediately in the staining agent. This is preferably contained in 
a convenient-shaped glass vessel so that the slides remain in a vertical 
position. Into this is placed a dilute solution of Delaffeld’s hematoxylin. 
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As a general principle it should be recognized that the more dilute the 
solution the longer the operation and more precise the result of stain- 
ing. If rapid effect is desired the stain should be used in a more con- 
centrated form. The only way that the effect of the stain can be deter- 
mined is by examination of the sections under the microscope. Only in 
exceptional instances, for specifically indicated materials, is it possible 
to give the exact time for the staining operation. It is suggested that as a 
trial period the sections of liver be stained with one-fourth strength 
Delafield, 5 to 10 minutes. When by examination it is found that the 
desired structures are properly colored, the operation of the stain may 
be terminated by putting the slides in tap water for at least ten min- 
utes, where the excess of stain is removed. In the event of over staining, 
this excess may be reduced by placing the sections for a short time in 
acid alcohol. The color of the stain depends upon its acidity, being red 
if acid, or blue if alkaline. Since tap water is slightly alkaline, washing 
in this medium gives an agreeable blue. Washing should always be 
thorough after staining and differentiating in order to secure permanence 
and precision of the stain. Mayer’s haem-alum, although not so generally 
used as Delafi eld’s mixture, produces a more exact and delicate result, 
even when used undiluted. 

As an example of the regressive stain, the iron hematoxylin method 
of Heidenhain may be instanced. In this process the sections are first 
mordanted for a period of from two to twenty-four hours in a 4 per 
cent solution of ferric alum. They are rinsed for a sufficient length of 
time to remove the excess iron alum solution and are then placed in a 
1/2 per cent aqueous solution of hematoxylin where they remain for a 
period of time approximately equivalent to that employed in mordant- 
ing them. At the end of this operation they are completely black, show- 
ing practically no differentiation whatever. To accomplish the desired 
degree of destaining they are rinsed quickly (thirty seconds) and re- 
turned to the mordanting solution which now acts as a differentiator. 
Gradually the hematoxylin is dissolved out, beginning with the cytosome 
and proceeding to the nucleus. The last substance to lose the stain is the 
chromatin. It is possible by this method to secure the most extreme degree 
of selectivity between different portions even of the chromatin, and it is 
one of the most valuable of fine cytological methods. The quality of the 
stain is improved by frequently rinsing the slides in water as they are 
examined under the microscope during the process of differentiation. 
The longer operation of staining gives a greater range of coloration 
which can be thus extended from the nucleus to the cytosome, bringing 
out such structures as centrosomes which are lost in the more rapid 
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process. In some cases satisfactory results can be secured by mordanting 
and staining for periods within an hour. 

After differentiation is complete the excess of iron alum must be very 
carefully removed by washing an hour in running water. The I'esultant 
color of the structure depends in some measure upon the age and quality 
of the hematoxylin and ferric alum solutions. Fresh solutions give a 
bright blue effect, while those that have been repeatedly used range 
through black to a rusty green color. The character of the wash water 
also has an effect upon the color. At the end of either progressive or re- 
gressive methods with hematoxylin we have a result showing the nucleus 
more densely colored than any other portion of the cell, while within 
the nucleus the chromatin is strongly distinguished by its greater affinity 
for this coloring agent. 

17. Counterstaining is a process of adding one or more additional 
stains, which, by contrast of color and selectivity to the primary stain, 
emphasize distinctions between cell and tissue elements. In some cases 
it is desirable to thus differentiate the parts of the tissues or cells by the 
selective influence of different kinds or colors of stains. If hematoxylin 
has been used as a nuclear stain it is a common practice to emphasize the 
cytoplasmic structures by means of such counterstains as eosin or Congo 
red, which both in color and selectivity, contrast with hematoxylin. The 
easiest way of applying such counterstains is to have an alcoholic solu- 
tion of them and pass the sections through it in the process of dehydra- 
tion. Care should be exercised not to vitiate the bright blue color of the 
hematoxylin by admixture of the eosin, which is so general a stain that it 
will take in any part of the cell. In most instances the use of a counter- 
stain is of doubtful value, since there are rarely revealed structures which 
are not sufficiently differentiated by the primary nuclear stain. 

A counterstain may be applied to the piece of liver as indicated. 

18. Dehydration, Most staining agents are aqueous, and since the 
mounting medium is commonly a balsam, the water must be removed by 
the usual method of dehydration, running the sections up through grades 
of alcohol into 95 per cent and even absolute. While it is perhaps not 
necessary always to take this precaution, in exceptional instances the 
rapid transfer of sections from water to 95 per cent alcohol may injuri- 
ously affect them. A slight expenditure of time in running up through 
grades of alcohol will obviate this and as a matter of routine it seems 
to be worth while to employ the gradual method of dehydrating except 
where certain stains are too readily removed by the alcohols. 

19. Clearing. The sections, after having been dehydrated, are pre- 
pared for enclosure in balsam by passing them through some clearing 
medium, commonly xylol. It is necessary to obtain a complete removal 
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both of alcohol and of the water which preceded it; otherwise the sec- 
tions will become clouded when placed in the balsamic mounting 
medium. Clearing with one of the essential oils in order to avoid the con- 
densation of water by the evaporation of the xylol is helpful. A rapid 
but thorough rinsing out of the clearing oil by xylol should occur. 

20. Mounting is a process of enclosing the prepared sections in some 
medium which will preserve them indefinitely under suitable conditions 
for microscopical observation. The slide is removed from the clearing 
medium, the excess of this being wiped from the surface with absorbent 
paper. Upon the center of the group of sections is placed a sufficient 
amount of gum damar which has been dissolved in xylol, to occupy the 
space between the cover and the slip. Only experience will indicate how 
much of this should be used, but endeavor not to add an excess of bal- 
sam because it makes a difficulty later in cleaning the slide. On the other 
hand, see that there is no space left beneath the cover not filled with the 
mounting medium. A perfectly clean cover glass is held by forceps and 
gently lowered obliquely upon the surface of the mounting medium. If 
the contact is made too rapidly, small air bubbles are almost certain to 
be enclosed. By careful manipulation, however, the cover can be placed 
upon the balsam so as to completely exclude all air. The cover is then 
lightly pressed down so that it is brought into contact with the sections 
beneath. It is quite undesirable, especially for high power observations, 
to have any excess quantity of balsam between the section and the cover 
glass. Any considerable surplus of balsam should be carefully wiped off 
with absorbent paper after which the slides are ready for the next process, 
that of drying. 

21. Drying is the process of removing the solvent from the resinous 
mounting medium so that the sections are left enclosed in a solid sub- 
stance. In order to do this the slides are placed in a horizontal position 
in some w^arm place where evaporation is facilitated. They should re- 
main there until the balsam has become thoroughly hard, so that pressure 
upon the cover glass will not cause it to move over the sections. Any 
excess of heat, however, should be avoided, since it may injure the tissue, 
while the too-rapid evaporation of the solvent will cause open spaces 
beneath the cover glass and may even injuriously affect the quality and 
color of the mounting medium. 

After the damar is thoroughly hardened, the excess is removed from 
around the edges of the cover by scraping. One should be careful to 
avoid contact between the knife which is used for this purpose and the 
edge of the cover, which may thereby be broken. Finally, the remaining 
balsam outside the edges of the cover is removed by dipping the slide in 
xylol and wiping it carefully with absorbent paper or cloth. 
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22. Labeling. If any number of slides have been carried through 
together each of them should bear a distinguishing number. Preferably 
this is the number which marks the lot, supplemented by the number of 
the slide in the series. The best way to indicate permanently the source 
of the material is to scratch its number upon the surface of the glass slip 
with a diamond or engravePs carborundum pencil point. In large col- 
lections which are completely catalogued this is a sufficient method of 
labeling individual slides, but in cases where these are consulted by many 
people it is helpful to have in addition a label which indicates the nature 
of the material and the character of the processes through which it has 
passed. Commonly this is done by writing or printing the data desired 
upon paper labels of proper size and then attaching these by means of 
gum to the ends of the slides. It is best to have a regular system of label- 
ing, and most workers place the main label at the left end of the slide. 
Upon this there may be a complete record of the source and character of 
the material, the nature of the processes through which it has passed, the 
date, and the name of the preparator. A complete preparation of this sort 
is propeidy designated as a microscopical slide. Unfortunately this term 
has become confused with the term “slip"’ which should be applied to the 
piece of glass upon which the object is mounted. 

23. Storing. There are various methods for permanent storage of 
slides, with characteristic advantages and disadvantages. The most com- 
mon method is to place the slides in wooden boxes bearing racks into 
which the ends of the slides fit. These are of various sizes, but commonly 
one holding 25 slides is used. There are other boxes, usually made from 
cardboard, in which the slides are laid horizontally protected by a cover 
which falls over them. 

One of the very best methods is a recent contrivance. This is an en- 
velope without a flap, made of heavy paper, such as “Paperoid.”^ These 
envelopes are 3X5 inches in size, sealed at the ends, and divided into 
four compartments by uniting the front and back with staples. The upper 
portion of the front is cut off i/^ inch shorter than the back so that when 
the slides are inserted into the compartments the label is exposed. If 
labeling has been done with a diamond, this provides sufficient space so 
that the designating numbers are visible when the group of four slides is 
examined. These containers, holding four slides each, may be inserted 
vertically into any of the devices used for filing 3X5 library cards and 
may there be combined with records and drawings, pertaining to them 
individually, which have been placed upon library cards of the same 
dimensions. This system has many advantages, since it occupies only a 
limited space, leaves no vacancies, protects the slides thoroughly so that 

“Hance, R. T, Anat, Rec.y^S: No. 5, 1924. 
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they may be shipped without any danger of breakage, and in the event 
that the container is dropped on the floor, protects them from injury. 
It has the very great advantage of extreme flexibility, providing a means 
not only for storing a complete collection readily, but for withdrawing 
all of the slides relating to a particular species or subject without necessity 
for sorting. Altogether it is the best arrangement that has been so far 
devised for storing and consulting collections of slides. 

If slides are used by more than one pei'son their loss may be prevented 
and the convenience of consultants served by inserting into the space 
from which each slide is removed a card of the same size upon which is 
recorded its number, the date of withdx'awal and the name of the person 
having it. To make such an entry requires little time and trouble and 
will often save valuable specimens. 

II. Collodion Method 

1-6. In the application of the collodion^ method the steps follow in 
order as outlined in the paraffin method from 1-6 inclusive. Dehydration 
must be complete since the collodion is dissolved in the mixture of abso- 
lute alcohol and ether in equal parts. Treatment in absolute alcohol is 
therefore required. 

7. Since the material goes from absolute or from the alcohol-ether 
mixture directly into the infiltrating medium, item 7 of the paraffin 
method “Clearing’’ is omitted. 

8. Infiltration. This is accomplished without the application of heat 
by placing the thoroughly dehydrated material directly into a thin syrupy 
solution of trinitrocellulose. The time required for infiltration depends 
upon the size and character of the pieces of tissue. The object to be at- 
tained is to displace the absolute alcohol by thin collodion. When this 
has been done the next thing is to secure a gradual evaporation of the 
solvent so that the tissue becomes infiltrated with a thicker and thicker 
concentration of the collodion. This stage may require many days or 
even weeks if the specimen is large. It is necessary to provide so gradual 
an evaporation that concentration is uniform throughout the mass. When 
the infiltrating medium becomes concentrated almost to a gel the mate- 
rial is ready for the next process. 

9. Imbedding and Hardening. The piece of tissue is brought into a 
paper box or vessel of appropriate size filled with thick collodion. This is 
then put aside under a small bell jar and evaporation allowed to con- 

^ Collodion is a solution of a tri nitrocellulose made from cotton. Other forms of the 
compound recently developed have the special names, celloidin, parlodion, etc. Collo- 
dion is here used in a generic sense. 
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tinue somewhat more rapidly until the syrupy fluid has become so hard- 
ened that it will retain an impression of the finger nail. Care must be 
exercised that evaporation is not so rapid that the concentration of the 
collodion outside of the tissue is greatly different from that within. A 
final hardening of the collodion is accomplished either by placing the 
block in 8o per cent alcohol or by exposing it to the vapors of chloroform. 
Sometimes hardening is secured by treatment with chloroform followed 
by 8o per cent alcohol. As a result of the treatment the collodion is now 
of such a consistency that it will readily section. If the piece of tissue is 
small enough infiltration and imbedding may conveniently be carried 
out in an appropriate sized shell vial from which the cork is occasionally 
removed for brief intervals to regulate the rate of evaporation. When the 
medium is sufficiently stiff the object is oriented to be cut parallel with 
the bottom of the vial and a little later the mass is loosened from the 
vial. When stiff enough finally it may be removed from the container. 

10. Blocking and Trimming. The mass of hardened collodion with 
the contained tissue is mounted upon a proper support with thick col- 
lodion which is set after a few minutes drying by immersion in 8o per 
cent alcohol for three or four hours. Fiberoid blocks are convenient for 
this purpose. Small floor tiles are also used. It is not necessary, as in the 
case of paraffin, to trim the block to any particular shape so that the 
only requirement is to remove any excess of the mass about the tissue. 

11. Cutting. Instead of cutting the sections with a dry knife placed 
at right angles to the direction of movement, the collodion sections are 
cut with a wet knife adjusted at a narrow angle to the direction of move- 
ment. Cutting is facilitated by having a conveniently placed vessel which 
drops 70 per cent alcohol upon the knife’s surface at such a rate that 
there is always a small pool of fluid at the point where the section comes 
off. The manner of sectioning varies with the microtome used, but 
should be accomplished with a firm uniform movement. The sections are 
most conveniently handled by a moistened camel’s hair brush. If they 
are to be mounted serially they are moved into position successively as 
they are cut until a sufficient number has been accumulated in proper 
arrangement for mounting. They are removed to the clean glass slip by 
placing a thin piece of tissue paper over them and pressing this down 
until the sections adhere. By carefully sliding the piece of paper and the 
adhering sections off the knife they can then be transferred to the glass 
slip. Press the sections into contact with the glass surface by rolling them 
with some cylindrical object, after having interposed several layers of 
absorbent paper, when they will adhere sufficiently so that the paper may 
then be removed. The sections may be caused to adhere permanently to 
the glass by pouring over them the vapor of ether which softens the col- 
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iodion, or by action of clove oil which has a slightly solvent effect. Re- 
move the oil after five minutes with 95 per cent alcohol. Mayer’s albumen 
applied in a very thin layer to the glass will also cause the sections to 
adhere. After the sections are arranged, coagulate the albumen with 95 
per cent alcohol. 

12-15. These steps of the paraffin method are omitted since the sec- 
tions are spread by the above-described operation. Drying is omitted be- 
cause the sections already adhere to the glass and because it is not possible 
to dry the collodion sections without injuring them. The imbedding 
medium is not removed at any time in the collodion method. 

16. Staining. Staining may be done after the sections are attached to 
the glass as in the paraffin method, but more commonly for histological 
work the material is either stained in toto or the individual sections are 
floated in the stain and thus prepared before attaching them to the glass. 
This is not feasible, however, in case of serial sections. The staining of 
the attached sections is carried on according to the manner described in 
the paraffin method. 

17-23. These steps are performed as described in the paraffin method. 

Modificatioiis of the Collodion Method 

Gilson's Rapid Process. It is sometimes necessary to secure sections by the 
collodion method more rapidly than is possible with the usual procedure. The 
objects are infiltrated with collodion while heat is applied by dipping the tube 
containing the material into melted paraffin. Here the collodion boils and pro- 
duces a very rapid evaporation of the solvent. After it has reached a consistency 
which will just permit it to be poured from the vessel the specimen is removed 
and placed upon a block of hardened collodion and is then surrounded by the 
thickened medium. This is then hardened in chloroform and cleared in cedar oil. 
After the object has been mounted on the microtome the sections are cut with a 
knife moistened with cedar oil. If the material has been stained in toto the 
sections are then ready to mount. 

The Dry Cutting Method. This is somewhat similar to the method of Gilson 
but with slow infiltration. After the object has been infiltrated it is hardened as 
usual with chloroform vapor and is then placed in the mixture suggested by Gil- 
son; that is, equal parts of chloroform and cedar oil. To this, cedar oil is added 
by degrees until the mixture is replaced by pure cedar oil. The block is then 
ready for cutting after being properly mounted. It is cut dry, requiring only that 
the knife be moistened with the cedar oil in order to prevent the sections from 
tearing. Sections are ready for mounting if they have previously been stained. 
In case it is desired to stain the material it will, of course, be necessary to run 
the sections down through alcohols until the proper concentration to meet that 
of the stain is reached. 

The dry method has several advantages over the ordinary one. The sections 
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being infiltrated with the oil are not so difficult to handle and the blocks from 
which they are cut may be preserved indefinitely because of the presence of 
the oil. 

III. Freezing Method 

This is a method not wholly adapted to precise results, but at the 
same time is one of very great convenience. It is rapid and easy of appli- 
cation and gives results sufficiently good for diagnostic purposes. It is, in 
fact, most often used by diagnosticians who are obliged to get information 
with regard to the character of a tissue as rapidly as possible. It is also 
useful in studies of cell constituents when ordinary methods would destroy 
or injure the substance to be studied. 

Perfectly fresh tissue, just removed from the animal, may be placed 
upon the freezing microtome and sections cut from it as soon as it has 
been frozen. More frequently, however, the material is fixed and is then 
placed in a medium which is better adapted to sectioning than plain 
water ice. Of the fixatives most commonly used 4 per cent or 5 per cent 
formol is best. If there is need for haste, after fixation the material may 
be frozen in the fixative but commonly it is better to wash this out and 
substitute for it a medium made by combining a saturated solution of 
sugar, 3 parts added to 5 parts of mucilage prepared by dissolving 60 gm. 
of gum acacia in 80 c.c. distilled water. The tissue is infiltrated with this 
medium and then removed to the holder on the microtome where it is 
covered by a quantity of the mucilage. It is frozen in this fluid and sec- 
tions are then cut. 

Frozen sections may be cut with an ordinary microtome, but more 
frequently a special piece of apparatus attaching directly to a carbon 
dioxide cylinder is used. In this case a knife in the form of a chisel is 
employed to cut the sections. As in the case of other section methods the 
skill required can be gained only by practice but there are some sugges- 
tions which may be of service. In order to prevent the knife from melting 
the mass as it passes over it, it should be kept cold. This also prevents 
the sections from sticking to the knife and becoming torn. Speed is an 
essential requirement in sectioning with this method. Sections are han- 
dled with a camel’s hair brush like the collodion sections. 

After the sections are cut the gum solution is removed by immersion 
in water and then they are ready for staining. The common method is 
with Delafield’s hematoxylin which may be followed by eosin for a coun- 
terstain. Following this the sections are treated as in the other methods, 
mounting them finally in damar. 
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IV. Smear Method 

The essence of the smear method is to form a very thin film of the 
tissue upon a glass surface so that the elements are individually distin- 
guishable. This is accomplished in three ways. The first is by placing 
between two clean cover glasses a small quantity , of the material to be 
treated. The cover glasses are then pressed together so as to dispose the 
material uniformly between them. If the substance is a fluid like blood 
no pressure is required, but in most other instances a certain amount is 
necessary. This is a delicate point in iiianipulation and the extent of 
pressure can be determined only by experiment. The end to be aimed at 
in most cases is to manipulate the materials so as to separate the cells and 
to avoid crushing them. In some instances, however, it is desirable even 
to rupture the cell in order to distribute its formed elements, like the 
chromosomes, so that they may be more readily observed. Except in the 
case of fluids, it is impossible to secure absolute uniformity in the thick- 
ness of the film and in some respects this is an advantage because various 
degrees of extension of cell contents may be found in different regions 
of the preparation. 

Assuming that the proper distribution of the elements has been ob- 
tained, the next step is to slide the two covers apart rapidly and uni- 
formly. Two precautions should be observed; First, to separate the covers 
exactly in the plane of their contact,— they should be slid apart and not 
pulled apart. Second, the movement of separation should be uniform. If 
it is not there will be areas of different density according to the speed 
with which- the separation has proceeded. Even with the best of manipu- 
lation, however, it is rarely the case that the films on the two covers are 
equally good. If it should happen that the tissue is of such character 
that there are residual masses of considerable thickness it will be desir- 
able to remove these after fixation. 

The subsequent treatment of the film depends upon the character of 
the material. In the case of blood the films are fixecl by drying and there 
are other instances where this is possible. Some materials, however, are 
entirely ruined by allowing any evaporation to take place and in these 
cases the films should be dropped immediately rtpon a fixing fluid after 
separation of the cover glasses. What will happen to any given kind of 
cell can be determined by experience alone. As an example of the varia- 
tion of behavior in this respect it may be stated that the cells of Hemip- 
teran testes are quite uninjured by drying while those of the Orthoptera 
are completely ruined. 

Another method of obtaining a film is exemplified in the ordinary 
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process of making blood smears. Here a drop of blood is picked up on 
the end of a clean glass microscopical slip and this is at once applied to 
the surface of another slip. By a uniform and fairly rapid movement the 
blood is distributed over the surface of the second slip by moving the first 
along its length. There are several precautions which should be observed 
in this procedure. The edge of the slip chosen to carry the drop of blood 
should be perfectly straight so that it will lie in contact evenly with the 
surface of the other upon which the blood film is to be formed. Also it 
is most desirable that the second slip have as uniform a face as possible. 
If there are variations in these two matters the film will be of unequal 
thickness. Likewise it is necessary in spreading the film to proceed with a 
uniform movement; otherwise inequalities in thickness will be produced. 
The best method of operating is to lay the second slip upon the surface 
of the table, applying to it, near one end the one with the blood, at an 
angle of about 45®. Hold the glass slip carrying the blood between the 
thumb and first finger, and support the hand on the table by the tips 
of the remaining fingers. In this position the movement of the carrier 
can be made uniform in pressure and rate. (For a detailed account of 
the use of this method see the section on Blood, p. 325.) 

A variant of this second method of smearing may be employed in the 
case of such tissues as testicular material where it is desired to get films of 
the germ cells. Where this is possible a film is produced by taking a piece 
of the tissue with a pair of forceps and wiping it over the surface of the 
glass slip. In this way a layer of the contained germ cells is left behind. 
This is a method which has been used very successfully in the case of 
Hemipteran germ cells, gland cells, bone marrow, etc. A third method 
used with plant cells is described on p. 165, Chapter iii. Films obtained in 
any of these ways, after fixation and proper washing, may be stained in 
the same way that sections are and mounted properly with damar. 

The advantages of the smear method are that, with it, preparations 
may be rapidly secured in which the entire elements are preserved and 
often in such a form that details of structure are unusually well dis- 
played. The disadvantages lie in the fact that normal relations of some 
elements are disturbed and, by reason of variations of pressure and 
elements are differentially affected. Only when necessary 
should observations based upon smears be used unsupported by a study 
of the same material in sections. 

A special refinement of the cover glass method, adapted especially to secure 
perfect films for blood studies is thus described by Isaacs. 

Cover glasses which have been soaked in nitric acid over night or in warm 
nitric acid for about one-half hour, are thoroughly washed in running water. A 
funnel held upright and attached by means of a rubber tube to a faucet serves 
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as a convenient washing device. The washed cover glasses are placed in 95 per 
cent alcohol and kept there until they are to be used. With a pair of forceps 
they are transferred from the alcohol to a wide mouthed bottle containing either 
ether or acetone. From the ether or acetone they are transferred to a piece of 
filter paper and allowed to dry. With the forceps they can be placed on a piece 
of smooth writing paper lying on a fiat table. To polish the surface, the finger 
is placed on the glass, and with firm pressure the cover slip may be moved back 
and forth over the paper. After the cover glasses have been polished, they should 
be brushed with a large grease-free camel’s hair brush to remove any lint or dust. 
In this way the side touching the finger becomes covered with grease, but the 
side nearest the paper will remain grease-free for several minutes. The blood is 
drawn in the same way as for making blood counts and when a drop about 
3 mm. in diameter has accumulated, one of the cover glasses is touched to it 
and a drop about 2 mm. in diameter is picked up. The cover glass is then placed 
in contact with another clean and polished cover glass and the drop allowed to 
spread until it has almost reached the edges of the glasses. While it is still very 
slowly spreading, the two cover glasses are drawn apart with a short, sharp snap. 
If the cover glasses are placed over each other so that the corners project, a single 
corner of each cover glass may be used as a place for holding them. 

The blood films are allowed to dry at room temperature for at least three 
minutes and longer if time is available. If the staining process is begun before 
the blood is dry, the blood will sometimes come off the cover glasses. The best 
results are obtained if the films are stained within twenty-four hours after 
being made. 


V. Stretching Method 

Certain membranes in the body, like the omentum, are best pre- 
pared by this method. A convenient way of securing such preparations is 
to use two rubber rings which fit one within the other. By stretching the 
membrane over the smaller ring and then passing the large one over the 
smaller, the tissue is tightly stretched. The membrane is then trimmed 
around with scissors and in this condition can be handled very much like 
a section. The subsequent treatment of the preparation depends upon 
the object in view. If it is to be stained and mounted in the ordinary 
manner the series of steps indicated in the paraffin method would be fol- 
lowed with the exception of steps 8 to 15. Other material, like subcu- 
taneous tissue, may be prepared by a modification of the method. 

Subcutaneous Tissue Spreads, Loose subcutaneous tissue is found in 
any vertebrate just under the skin, between that and the muscles. It is 
usually taken from the abdominal or inguinal regions. 

After the selected area is shaved, an incision is made in the skin and a very 
small piece of subcutaneous tissue is snipped off with scissors. This piece is 
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placed on a cover glass and quickly spread out as flat and as thin as possible 
by means of two teasing needles, taking care, however, not to tear it to the extent 
of injuring the cells. It is an advantage for two people to work together in doing 
this, using two needles each. The cover glass is then floated on fixing fluid, the 
tissue side being down. All the above manipulations must be done quickly before 
the tissue dries, and it facilitates handling the cover glass if the teasing is done 
with the cover glass over a black background and supported by a Petri dish 
which is bottom side up. (Slider.) 

There are certain other more rigid structures which may be mounted 
entire like these more delicate membranes. An object of very great value 
for microscopical observation, for instance, is the gill plate of certain 
amphibia, like Amblystoma. These structures have sufficient rigidity so 
that they may be handled like collodion sections and treated very much 
in the same manner. They do not require the stretching process but are 
treated, otherwise, essentially the same. 

The advantage of a method of this character is that the structures are 
all preserved in their normal relations while at the same time one has 
almost the same conditions of thickness as is found in sections. In cases 
where cells are not cut through, however, the staining is in some ways 
less precise. However, when a regressive method like Heidenhain’s iron 
hematoxylin is used, this is not a serious difficulty. In very thin mem- 
branes like the amnion, cytological details are well presented. 

VI. Teasing Method 

Certain fibrous tissues like white fibrous, yellow elastic, and muscle, 
are advantageously prepared according to this method. Before teasing it 
is desirable to fix in such a way as to get a differential action upon the 
interstitial substances. For this purpose dilute fixatives are commonly 
utilized so that a partial maceration precedes the actual act of teasing. 
After the material has been properly fixed, it is taken in small pieces, 
either on the glass slip where it is later to be mounted, or in a watch 
glass, and combed out by the use of two dissecting needles. Care should 
be exercised not to break the fibers across, but rather to comb along their 
length so that the cement substance is removed, leaving the fibers free 
at their ends. 

By a sufficient degree of maceration the real act of teasing is much 
reduced in extent, and it is often possible to almost entirely dissociate the 
elements previous to their mechanical separation. It is sometimes advan- 
tageous to stain the material before teasing, but if this is not done a stain 
may be dropped upon the material as it rests on the slip or in the watch 
glass, and its action watched under a microscope. The further operations 
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of differentiating, dehydrating, and clearing are also accomplished prefer- 
ably on the slip where the material is to be mounted. 

Difficulties in teasing that may be encountered are largely due to the 
lack of proper treatment in fixing, and it is often better to take additional 
time in the earlier steps of the process rather than to try to separate the 
tightly joined fibers by force with the needles. In general, what will be 
secured by an operation of this sort is a number of masses of material 
from which free elements project more or less. The limitations of this 
method are obvious and while it is useful in certain cases, it is inferior 
to many of the others as a general method. 

VII. Grinding Method 

This method has very special applications which will be consid- 
ered in detail under the topics of bone and teeth. It is a physical method 
which involves the use of abrasives upon hard structures. Appropriate- 
sized pieces of tissue are fastened by cement to the glass upon which they 
are to be mounted, and then by grinding and polishing, the thickness is 
reduced sufficiently so that the light will pass through. After washing, 
cleaning and drying the surface the specimen is mounted in balsam be- 
neath a cover (p. 353) . 


VIII. Macerating 

All the preceding non-section methods of making microscopical prep- 
arations are physical in character, but maceration depends upon chemical 
action. As has been explained, it is made possible by the differential effect 
of weak fixatives upon interstitial or cement substances. An appropriate 
piece of tissue is placed in the weak fixative and allowed to remain suffi- 
ciently long for the reagent to dissolve the interstitial substance and then, 
upon shaking in a bottle, the elements may be freed from each other and 
made ready for further treatment. This will depend upon the fixative 
employed, but assuming that any ordinary one has been used, the next 
step would of course be the removal of the excess fixative by washing. 
The various steps of the paraffin method can then be followed, leaving 
out those from 8 to 15. 

The several processes can best be performed in a small shell vial, be- 
cause the elements of the tissue, either by gravitation or by centrifuging, 
may be brought to the bottom of the tube after each treatment, and the 
supernatant fluid can be withdrawn and that required for the next step 
added. It is even possible, and in some cases very desirable, to carry the 
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cells clear through into the balsam where they may be kept indefinitely 
and removed with sufficient medium to the slip for mounting. 

The advantage of the maceration process is that entire elements are 
obtained. The disadvantage is that because of the use of a weak fixative 
the elements of the cells are not nearly so accurately preserved as they 
would be with a normal fixation. In most cases, therefore, if it is desired 
to obtain detailed information with regard to the structure of intracellu- 
lar elements, the maceration process should not be employed. 

IX. Recent Modifications of the Paraffin Method 

The whole process of making paraffin sections can be much shortened 
and the results even improved by the use of either butyl alcohol or of 
dioxan. These fluids are miscible with water or low grades of alcohol on 
the one hand and dissolve in paraffin on the other, and thus eliminate 
one step, that of clearing, which also is one of the most harmful to many 
tissues. 

Normal or Iso-butyl Alcohol. Material fixed, washed and run up 
to 50 per cent ethyl alcohol is brought into butyl alcohol. If the tissues 
are delicate the transfer to butyl alcohol can be made through mixtures 
of ascending strength until absolute butyl is reached. The length of time 
in each mixture will depend upon the size and character of the tissue, 
but an hour should be sufficient in ordinary cases. Final dehydration in 
absolute butyl may require twenty-four hours. It may be an advantage 
to use mixtures of paraffin in butyl alcohol, beginning at room tempera- 
ture and finishing with larger proportions of paraffin at higher tempera- 
tures. Finally the tissue is transferred to melted paraffin for complete 
infiltration. This will require a longer term than after a clearing in 
xylol, because of the lesser solubility of paraffin in butyl alcohol. 

Dioxan. Dioxan, dimethyl dioxide, 0(CH2CH2)20, is a clear color- 
less fluid with a slight and characteristic ethereal odor. Its specific gravity 
is 1.040, and it volatilizes at a temperature of 101 '^c. It is miscible with 
water, alcohols, xylol and oils, and dissolves paraffin (slightly) , resins, 
gums, hematoxylin, mercuric chloride, and picric acid. So far as tried it 
does not dissolve aniline dyes, except Sudan reds or other fat-soluble 
dyes, except in the presence of water. 

Dioxan is an almost ideal reagent because of its long range of solu- 
bilities and because it has no injurious effect on tissues. It is possible 
to carry material through all the stages up to sectioning without leaving 
dioxan. In this case a fixative containing dioxan is used, washing is done 
in the same medium and the tissue is finally transferred to melted par- 
affin. A good fixative containing dioxan is the following: 
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Sat. aq. sol. of picric acid 5 parts 

Acetic acid, glacial 1 part 

Dioxan 4 parts 

Another not involving the use o£ any water, is: 

Sat. sol. of picric acid in dioxan 4 parts 

Acetic acid 1 part 

Absolute alcohol 4 parts 

Also: 

Dioxan 6 parts 

Chloroform 2 parts 

Acetic acid, glacial 1 part 

Sat. sol. picric acid in dioxan 80 per cent 

Paraldehyde 10 per cent 

Acetic acid 5 per cent 

Graupner and Weissberger^ recommend the following fluid: 

Dioxan 80 per cent 

Methyl alcohol 20 per cent 

Paraldehyde 2 per cent 

Acetic acid 5 per cent 


The proportions of these ingredients may be changed to meet the 
conditions in various tissues.^ 

Dioxan seems to have no harmful effects upon tissues which remain in 
it for long periods of time. So far as experience has gone, they may lie 
in it indefinitely without injury. They also seem less likely to be altered 
during infiltration than after clearing with xylol, although the period 
required in the melted paraffin is longer. 

Altogether this reagent promises to be one of the most useful so far 
discovered. Not only may it be used during fixation, dehydration and 
clearing, but it may serve as a solvent for the excellent mounting medium, 
sandrac, so that the tissue need never leave dioxan anywhere in the 
process except during infiltration and staining. A schedule for a piece 
of liver, used as an example previously, would be 

1. Fix in dioxan, picric acid, acetic, alcohol mixture 2-24 hrs. 

2. Wash in dioxan, 72 hrs. 

3. Infiltrate in paraffin, 6 hrs. 

4. Mount sections in sandrac, camsal, dioxan mixture. 

If tissues have been fixed in aqueous fixatives and carried up in the 

^Zool.Anz., 102; 39-44, 193.4* 

® These fluids are all very vigorous and do not work well on delicate material. 
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usual way to 70 per cent alcohol they may be dehydrated finally in dioxan 
and then taken into paraffin. Material fixed in Carnoy and other alco- 
holic fixatives can go directly into dioxan. It is essential to have the final 
bath free of water before the tissue goes into paraffin. To make sure of 
this a small quantity of calcium oxide, calcium chloride or desiccated cop- 
per sulphate may be kept at the bottom of the container in which the 
specimen is floated. 


X. A New Mounting Medium 

The mounting medium referred to is prepared by dissolving selected, 
clean tears of sandrac in dioxan, filtering, concentrating, and adding 1 
part of camsal to g of the sandrac solution. Camsal is made by mixing 
camphor and salol in such proportions that a little camphor remains un- 
dissolved in the resulting fluid. The mixture of sandrac solution and 
camsal is filtered, if necessary, and further concentrated until of a proper 
density for mounting specimens. This is essentially the same medium as 
euparal and specimens may be carried into it either from alcohol or 
dioxan without clearing. It dries quickly, does not chip or crack, is clear 
and transparent and promises to be a most useful medium. The refrac- 
tive index is somewhat lower than that of damar or Canada balsam 
which, for delicate cytological details, is an advantage. 

XI. Sectioning Refractory Tissues in Paraffin 

The question of sectioning yolk-laden eggs, woody tissues, and other 
refractory objects in paraffin has always been a difficult one. The dis- 
covery that soaking the imbedded object in water restores its plasticity 
has largely solved the problem and has made possible the cutting of serial 
sections of such difficult objects as insect eggs. The practical procedure 
is to trim the paraffin block until the imbedded tissue is exposed on one 
side and then to soak it in water for several hours. When the material 
is hydrated in this way it loses the friability and brittleness which it 
gained during dehydration and clearing, and it then cuts much like fresh 
tissue- The dioxan technique does not always require hydration of the 
tissue. 
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MICRODISSECTION 
I. Free-hand Manipulations 
Sven Horstadius 

This section deals with methods for operating free-hand under com- 
paratively low magnifications. The operations are preferably performed 
under a dissecting microscope because of the erect image it gives. The 
magnification of such a microscope does not exceed 60-100. 

Only a short account, drawn from the author’s personal experiences 
with methods generally in use, will be given. A more detailed description 
of some of the methods will be found in Spemann (1923) ^ and Mangold 
(1928) .2 However, great detail is not required in all cases, since many 
modifications must be made according to the problem for which a given 
method is used. 

Fine knives or needles, specially sharpened on good hones, have 
proved to be serviceable even for such minute operations as the separa- 
tion of blastomeres (Zoja, 1895)^ or ^^e division of the uncleaved egg 
of the sea-urchin (Delage, 1899) ^ decided advance, however, was made 

when Spemann (1906) ^ suggested the use of fine glass needles or hairs 
for operations both on the Amphibian and the Echinoderm egg. 

A glass tube or rod of 5-6 mm. in diameter and 15-18 cm. in length is seized 
at both ends, its middle part well heated in a gas flame and, outside the flame, 
quickly drawn out as far as the arms reach. When broken to a suitable length 
the larger ends are to be used as handles (Figs. 2-4). The capillary portion is to 
be converted into needles or hairs by drawing out in a microflame (Fig. 1). The 
shape of the needle can be greatly varied. Factors that influence the result are 
the hardness and the diameter of the capillary used, the size of the flame, the 

^Spemann, H. Abderhaldens Handbiich d. biol. Arbeitsmethoden, 5: 3, 1923. 

^Mangold, O. P^terfis Methodik der wiss. Biol., 1928, vol. 2. 

^ Zoja, R. Arch, Entw .-mech., vol. 2: 1895. 

^Delage, Y. Arch. Exp. Zool., s. 3, vol. 7: 1899. 

® Spemann, H. Verh. d. deutsch. Zool. Ges., 1906. 
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strength, direction and time of the puli. One soon learns how fast to pull in 
order to get a long, fine thread or a short, sharp point; or how to make a bent 
hair by an oblique movement with one hand during the pulling. When a service- 



able point has been obtained, a length of the capillary is broken o|f about 3 cm. 
from the needle tip and fastened to the handle by melting in the microflame. As 
soon as the two pieces stick together, the joint is brought again into the flame 
with the glass held vertically, the needle hanging downward. As the joint melts 
it becomes converted into a ball which shortens the capillary and strengthens 
the seal (Fig. 4). 

Spemann recommends the following way of making the needles: 

The end of the long glass thread, still attached to the handle, is provided 
with a small hook by heating the thread for a moment in the microflame. The 
thread with its handle down is now hung to a support by means of the hook. 



Fig, 2, Hairloop. Figs, 3 and 4, Glass-needles. After Spemann.^ 


The thread, at a convenient distance from the handle (about 3.4 cm.) is heated 
in the microflame until it stretches and separates, the handle dropping into a 
cylinder with cotton on the bottom. The straight glass hair obtained in this 
way can afterwards be bent at the desired angle by approaching it to the micro- 
flame or by leaning it against a piece of heated metal. 

As the microfiame often becomes extinguished it is useful to provide 
the gas tube with a Y-tube and have two flames: one a larger flame to 
serve as a pilot light for the other, the microfiame, the tubing of which 
should have a Hoffman screw clamp for regulating the gas pressure. 
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A Spemann hair loop (Fig. 2) is a good instrument to move or hold 
delicate objects such as young stages of Amphibian eggs which have been 
removed from their membranes. 

A human hair is looped and the two ends inserted into the capillary end of a 
hollow glass tube made like one of the handles already mentioned. The ends of 
the hair are pushed in until the loop reaches the desired size. The loop is then 
fixed in place by applying melted wax on a heated scalpel to the mouth of the 
capillary. The wax runs into the tube and, on cooling, fastens the hair. 

To cut out small pieces of tissue for implantation, Spemann originally 
used a glass pipette (Fig. 5) with a rubber nipple on one end and with 
a small opening on one side, covered with a piece of rubber tubing. By 
gently releasing the pressure on this rubber membrane, a minute piece 
of tissue could be drawn into the pipette and then isolated by cutting 
across the mouth of the pipette with a fine knife. This isolated piece 
could then be placed in a cavity in another individual produced by cut- 
ting out a piece in the afore-mentioned way. At present, in place of 
Spemann’s pipette most transplantations on Amphibians are made by 
means of the hairloop and glass needles or steel knives, the needles or 
knives being used for cutting. For cutting out transplants in older Am- 
phibian embi'yos, Harrison uses a pair of embryological scissors. The glass 
needles for work on Amphibians must be comparatively thick, with short, 
sharp points, bent at some distance from the point (5-8 mm.) , by nearing 
it to the microflame. The cutting operation with such a needle is per- 
formed by pressing with the bent end more or less parallel to the surface 
of the object. 

For the separation of blastomeres of eggs smaller than Amphibian, 
it is advisable to have a long, fine needle, a glass hair, slightly curved 
near the point (Figs. 3, 4) . The curved end is applied to the bottom of 
the dish containing the eggs. This steadies the needle and the cut is 
made by pressing upon the egg with the shaft of the glass hair between 
the curved bend and the handle. 

To move very small eggs or blastomeres from one dish to another, a 
mouth pipette is extremely useful (Peterfi, 1924®; Fry, 1924'^). 

A fairly long pipette is drawn out in the microflame, near its end, so that the 
capillary ends with a point. With a diamond a slight mark is made on that part 
of this pointed capillary which has a little larger inner diameter than the eggs 
or larvae in question; and the capillary is then broken here. The pipette is con- 
nected with a rubber tube, to the other end of which a short glass tube as mouth- 
piece may be attached. 

® P(§terfi, T. Abderhaldens Handb. d. biol. Arbeitsmethoden, 5: 2, 1924. 

^ Fry, H. voL 28: 1924. 
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This is fixed on the dissecting microscope at a height convenient for 
the lips to reach, with the pipette laid in a score made in the side of a 
box. The pipette is then filled-by capillarity, when it is ready for use. 
By gently aspirating, the desired object is sucked into the pipette. One 
advantage of this pipette is that it can be laid down on the table, leaning 
on the support mentioned, with the point directed obliquely upwards. 
When dishes are changed, the object remains safely close to the mouth 
of the pipette. Another advantage is that one can handle the pipette 
much more steadily since it is not necessary to regulate the pressure with 
the fingers. Some training is required in order not to suck or blow 
too fast. 

A suitable surface for placing the eggs is essential for the operation. 
Many small marine eggs can be cut on a glass bottom. Some workers 
orient and cut the eggs in a drop of water on a clean, grease-free slip, 
after pushing it near the edge of the drop, where the decreasing depth of 
water slightly flattens and holds it. The following method (Horstadius, 
1928®) has many advantages. On the bottom of a shallow dish is placed 
a thin disc of celluloid, e.g. a piece of well-washed (warm water) photo- 
graphic film, in which slight grooves have been made by scratching it 
with a pin. The egg, which is likely to glide away from under the needle 
when on a glass bottom, is easy to cut when it lies in the groove. The 
depth, breadth, and surface (rough or smooth) must be varied accord- 
ing to the type of cell which is to be cut. 

For Amphibian eggs Spemann recommends a working surface of wax 
(black or white). Agar-agar, gelatin and cellophane may also be used. 
Schott^ suggests silk for the delicate Anuran eggs. He stretches 

the silk over a glass ring, which is then placed on the bottom of the op- 
eration dish. Other workers place the silk directly on the bottom of a 
Syracuse watch glass. An advantage of wax or agar-agar is that depressions 
can be made in which to place the objects. Moreover, many invertebrate 
eggs adhere to the glass bottom, in which case they do not develop. Some 
eggs do better on celluloid, others on agar. 

Most eggs cannot be operated on until the surrounding jelly and the 
fertilization membrane have been removed. In many invertebrate eggs 
this can be done simply by the old method of shaking the eggs in a vial 
half filled with seawater (Driesch 189310), or by sucking them into a 
pipette (Plough, igsy^^) , the bore of which has about the same diameter 
as the egg in question. The membranes of Amphibian eggs have to be 
removed carefully with two well-ground watchmaker’s forceps. Dalcq 

^Horstadius, S. Zoo/., vol. 9: xgaS. 

“Schotte, O. Roux’s Arch. Entw.-mech., vol. 123; 1930. 

^'’Driesch, H, /inat. Am., vol. 8: 1895. 

Plough, H. Biol. Bull., vol. 52: 19S7. 
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(personal communication) has used this method on such small eggs as 
those of Ascidians. A window can be cut in the hard membrane of the 
fish egg with a pair of embryological scissors. In order to prevent the 



Fig. 5. Pipette for microtransplantation. After Spemann.^ 

point of the scissors from gliding out of position under the membrane, 
Nicholas^^ recommends having the upper blade shorter than the under 
one. 

In order to separate blastomeres of marine eggs, it is often serviceable 
to perform the operation in calciumdree sea water, which loosens the con- 
nections between the cells. 

The original formula by Herbst (1900)^® is the following: 96.2 per cent aq. 
dest., 3.07 per cent NaCl, .08 per cent HCl, .66 per cent MgSO^, MgHPO^ in 
excess. Another formula is that of Bialascewicz and Runnstrom (see Horstadius, 


1935'') (salinity, 3.5 per cent): 

3.29 per cent NaCl 100.0 c.c. 

4.28 per cent KCl 2.0 c.c. 

3.49 per cent MgCb c.c. 

19.50 per cent MgSO^.yHoO 3.0 c.c. 

5.21 per cent NaHCOg 0.1 c.c. 

2.6 per cent NaOH 0.1 c.c. 


A calcium-free sea water (by Moore), used at Woods Hole, is prepared as 
follows: NaCl 19.07 gm., KCl 0.54 gm., MgCh (6 HoO) 5.18 gm., MgS04 (7 HgO) 
3.07 gm., HgO to 1,000 c.c. 

The eggs are brought into the calcium-free sea water about half an 
hour before operation and brought back into sea water immediately 
after operation. Not all kinds of eggs are susceptible to this treatment. 

It is not appropriate to operate upon the Amphibian egg in fresh 
water. Ringer’s solution may be used, but recently the following solu- 
tion, suggested by Holtfreter,^^ has come most into use: 0.35 gm. NaCl, 
0.005 gm. KCl, 0.01 gm. CaCl2, NaHC03 0.02 gm., H2O 100 c.c. The 
bicarbonate has been found to be unnecessary and may be omitted, 
especially since it tends to produce a precipitate on sterilization. 

Operations in sea water are generally made without sterile precau- 
tions. The composition of sea water is changed by heating, but it may be 
sterilized by passing it through a Berkefeld filter. A sterile technique 

Nicholas, J. S. Proc. Nat. Acad. Sc., vol. 13: 1927. 

Herhst, C. Arch. Entzv.-mech., Yo\. g: 1900. 

^^HorstRdius, S. Pub bl. Staz. Zool. Napoli, vol. 1^: 1935. 

Holtfreter, J. Roux's Arch. Efitw.’-mech., vol. 124: 1931. 
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during operations, first suggested by Woerdemann,^® has greatly decreased 
the mortality of Amphibian eggs. All dishes, covers and solutions to be 
used are sterilized in an autoclave, the solutions being in bottles with 



Fig. (3. Transplantation of blastomeres. After Horstadiiis.*^ 


cotton stoppers and not too full and the glassware wrapped in paper. 
The eggs are removed from the jelly and the capsules and the vitelline 
membrane left intact. They are then washed by passing through eight 
successive changes of sterile water. The mouth of the water bottle should 
always be heated in a Bunsen flame immediately after removal of the 
cotton stopper, and the water poured into 8 sterile Stender dishes, the 
covers raised only enough for pouring. The eggs, still in their vitelline 
membranes, are brought into the first dish with a pipette which has 
previously been sterilized by flaming. The eggs are rotated in the dish 
and then transferred from one dish to the other, each time with a fresh 
sterile pipette. After the eighth washing they are brought into a dish 
containing Holtfreter’s solution, where they remain until the time of 
operation. They are now transferred with a sterile pipette into the sterile 
operation dish (Syracuse watch glass) , where the vitelline membrane is 
removed. The instruments (forceps, knives, scissors, glass needles, hair 
loops) are kept in a dish with strong alcohol and only taken out just 
before the operation. It is preferable to have two sets of instruments, one 
of which is being sterilized in alcohol while the other is in use. After the 
operation it is advisable to move the dishes as little as possible. After 
some days the embryos are transferred to water. The delicacy of the 
operative technique and the sterile precautions required make impera- 
tive the avoidance of draughts, etc., and any disturbing influences. Later 
Woerdemann, M. W. Roux*s Arch. Entw.-mech., vol. 121: 1930. 
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embryo stages o£ the Amphibia are not so susceptible to infections, so 
that they can be operated on without sterile technique. 

To get an Amphibian egg implant to adhere it is often necessary to 
apply some pressure for a short time. For this purpose small bridges of 
glass are used. They are made of a fine glass thread or of a narrow 
piece of a cover-slip cut with a diamond and then bent in the desired 
manner in the microflame, or by heating them on a piece of metal of 
appropriate form. For transplantation of blastomeres of very minute 
(Echinoderm) eggs, Horstadius® suggests the following method: In the 
photographic film (cf. p. 46) , on the floor of a dish, a depression is made 
by rotating a pin, the point of which has been made blunt by pressing 
against glass or metal. The two pieces of the segmented egg that are to 
be joined are lowered into the depression in the right orientation, one on 
top of the other (Fig. 6) . To supply pressure a small ball of glass is 
placed over the depression. The balls (see Fig. 6) are made in the follow- 
ing way: A capillary (see foregoing) is heated in the microflame and 
then very quickly drawn out to a very fine thread. The end of this thread 
is heated in the microflame till it forms a ball which is broken off with 
fine forceps under water. The balls covering the objects in the depressions 
must be removed fairly soon in order not to cause any malformations. 
A quarter of an hour to half an hour is soon enough. 

In order to recognize the transplant in its further development, Harri- 
son (1904)^'^ and Spemann^ have used different species having unlike 
color and cell size as host and donor. Detwiler^^ implanted pieces from 
embryos that had previously been vitally stained. In the sea-urchin larvae 
Horstadius^’ cut out a group of blastomeres, brought them for a 
couple of minutes into a weak solution of Nile blue sulphate, washed 
them in another dish of sea water, and transplanted them back into their 
original position in the egg. The important method of local vital stain- 
ing, through the diffusion of dye adsorbed on small pieces of agar, was 
worked out by W. Vogt (1925) 

A solution of agar is poured out in a flat dish and dried so that it forms a 
thin film, pieces of which are stained in a 1 per cent solution of Nile blue sul- 
phate, Neutral red or Bismarck brown. The agar is then washed until it does not 
give off clouds of stain into the water. When small pieces of this agar are applied 
against an embryo, the stain will diffuse into the tissues, giving a stained mark 
of the same size and shape as the piece of agar used. To bring the pieces of agar 
into contact with the Amphibian egg, Vogt makes a depression in wax with a 
glass needle which has been melted in the microflame to a ball of the same size 
as the egg. In the bottom of this depression small cavities are made with a fine 
Harrison, R. G. Arch. mikr. Anat., vol. 63: 1904. 

^Detwiler, S. R. Jtcc., vol. 13: 1917. 

i»yogt, W. Roiix\s Arch. Entxv.-rncch.s vol. 126: 1925. 
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needle and small pieces of the agar are placed in them xvith the aid of the hair 
loop. The egg, placed in the depression, will thus get a series of marks on its 
under side (Fig. 7). In order to obtain stained spots also on the lateral and upper 



Fig. 7. Local vital staining of an Amphibian egg. After Vogt.“ 

sides, a part of the wax is pressed up against the egg, stained pieces of agar 
inserted between the egg and the wax, and other pieces can be laid under a 
bridge of tinfoil placed over the egg (Fig. 7). 

A blastomere of a very small egg can be stained by leaning it against 
a small piece of agar on the bottom of a glass dish (v. Ubisch, 1925) .20 
The segmented egg is removed when the stain has penetrated about 
three-fourths of the blastomere in question. The stain will later spread 
through the entire cell, but will not diffuse into the adjacent cells if the 
staining has not been too strong. It is important that no clouds of stain 
be given off into the water by the stained pieces. For setting very small 
marks (5-10 p.) on very minute objects, e.g. blastomeres of a later cleavage 
stage, LindahPi draws out a capillary tube into a still finer and short 
capillary (5-to p in diameter) and breaks it off just where it narrows, by 
mere pulling, outside the flame, so that one gets a fine, smooth pipette 
mouth of the size desired. The capillary is broken off about 5 cm. from the 
fine mouth and this end closed by melting. Such capillaries with only one, 
very fine opening, are put into a warm solution of 1 per cent agar in sea 
water with 1 per cent Nile blue. As cooling takes place, some of the solu- 
tion will be sucked into this micropipette. The capillaries are left in the 
agar up to the moment of use, when they are washed off. It is important 
not to keep them too long in the air, as the agar may withdraw from the 
mouth. Unless one has a steady hand it is advisable to insert this capillary 
pipette into an ordinary pipette (bent a couple of centimeters from the 
inouth to prevent the capillary from gliding too far in) and then, using 
the latter as a holder, to fix it in a micromanipulator before applying the 
egg against the opening with the agar. 

V. Ubi.sch, L. Z. xciss. Zool, 124: 1925. 

Lindahl, P. E. Roux’s Arch. Entw.-mech., vol. 127; 1932. 


FREE-HAND OR PARTLY MECHANICAL METHODS OF 
MICROINJECTION WITH WIDE RANGE OF CONTROL 

H. McE. Knower 

Under the heading microinjection will be included procedures which 
can be carried on and controlled while being watched under the binocular 
microscope. There is no fundamental difference between the grosser meth- 
ods of injection and those included in this section, though the latter natu- 
rally require more delicate adjustments with the end pipette, pressure, 
etc. J ' ' 

Perhaps the most available general method for use with either gross 
material or small specimens injected under the microscope is that of 
H. Hoyei'i also described in EnzyklopMie der mikroskopischen Technik^ 
and by Mozejko.^ This technique depends on an ingenious method of 
controlling the pressure of injection through a specially devised metal 
valve operated by the foot. The valve is introduced in a line of tubing 
which reaches the injection table from a cylinder of compressed gas. In 
addition to these special features it is necessary, if the procedure is one 
of microinjection, to be provided with a sufficiently fine micropipette at 
the end of the tubing. This apparatus should be kept at hand assembled 
on a special table, and combines several important advantages: (i) the 
facility with which one may inject either relatively large specimens or 
small embryos; (2) the ready control of injection while being watched 
under the microscope, and (3) a very important feature—the use of the 
foot pedal, which leaves both hands free for the operation. The many 
important publications from Hoyer’s laboratory at Krakau, Poland,'^ wit- 
ness the value of this technique with a wide range of specimens. 

The methods to be grouped especially under the heading “Microinjec- 
tion” may be divided into free-hand, and more or less mechanically 
controlled procedures. 

I. Free Hand. H. M. Evans published a number of papers in igog*"^ 
and a chapter in the Keibel-Mall “Human Embryology” (1912) present- 
ing the first comprehensive account of a series of complete capillary injec- 
tions with full details. These accounts are concerned with injections of 

^ Hoyer, H. Ztschr. f. xviss. Mikrosk., vol. 25: 1908. 

^Krause, R. Enzykl. der rnikr, Tech., 2:1104, 1926. 

® Mozejko. Z/5c/zr. /. wm. Af i/ero.s/f., vol. 28: 1911. 

^ Bull, de VAcad. des sc. Polonaise de Cracoxne, s^r. B; also Memoirs of this Academy 
by Hoyer and Grodzinski on comparative anatomy of lymphatics and blood vessels. 

Evans, H. M. Am. J. Anat., igog; Anal. Rec., 1909; Keibel-Mall: Human Embryol- 
ogy, 1912. 
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young chick and niammalian embryos. The method used by Evans was 
adapted from that of Popoff (1894) , a free-hand method of great value 
and general usefulness. In this method a tube of soft glass 2 to 3 mm. in 



Fig. 1. Method oE drawing the micropipette for free-hand technique. 


diameter is drawn out at the ends, a suitable tip being secured, after 
bending the drawn capillary at right angles, by re-drawing the tip through 
the margin of a microfiame to produce a reduced patent filament of the 
desired fraction of a millimeter in diameter (see Summary, Section 4, 
p. 59) . The pipette, filled with injection fluid, is attached by its larger 
end to a rubber tube which is held in the mouth, the injection pressure 
being obtained by blowing into the tube. A most important feature of this 
technique, as with others, is the fine calibre of the tip of the pipette, 
which should narrow rapidly from the main tube to give least capillary 
resistance. 

Though never as fine as those used by Chambers in micrurgical work 
with high powers of the microscope, a similar method is used for drawing 
the tip of these pipettes. (See Summary, section 4, p. 59; also Dr. 
Chambers’ section, p. 86.) 

In this connection the method of drawing the capillary tube used by 
the Clarks^ is of value for insuring the production of a point sufficiently 
fine, yet reducing the capillary resistance by the rapid narrowing of the 
tube in approaching the tip. 

To produce such a piqette, a relatively soft glass tube of about 2 mm. in 
diameter should be rotated in the flame while held with the hands pronated. As 
soon as the glass between the hands becomes sufficiently heated, the thumbs are 
pressed firmly on the tube against the index fingers, on either side of the flame, 
and the hands are pushed away from the body while the thumbs are at the 
same time turned laterally right and left and rapidly separated from each other. 

** Clark, E. R. and E. I.. Lymphatics. Carnegie Inst. Ckmtr. to Emhryol., No. 272, 1920. 
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This results in a right-angled bend at the heated end of the pipette, with a fine 
filiform tip beginning immediately at the bend and a maximal reduction of 
capillary friction (Fig. i). (For re-drawing a finer tip, see Summary, Section 4.) 



Fig. 2. Brown’s method for making cold or warm injections into small blood vessels. 

Imr description see text. 


This very valuable free-hand method has been used by many investi- 
gators for both blood vessels and lymphatics (see papers by H. M. 
Evans,*'' F. R. Sabin, ^ and the Clarks^^) . The procedure is of general use- 
fulness and especially adaptable to injections of chick and mammalian 
embryos. The arrangement of the specimens and various steps in injecting 
are described under appropriate headings later (see Summary of precau- 
tions and suggestions) . 

2. Partly Mechanical Methods with Wide-range ControL Though 
the fox'egoing method is available for use with most embryos in the hands 

Sabin, F. R. Lymphatics. (A series of important revolutionary articles on the lym- 
phatics including the technique of injecting.) Am. J. Anat., 1901, 1904, 1905, 1909; 
Anat. 1908, 1911, 1912; and Keibel-Mall: Human Embryology, 1912. 

Blood vessels. Cartiegie Inst. Contr. Emhryol., no. 223, 1915; and no. 226, 1917. 
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of an operator with necessary skill, a more controlled or partly mechanical 
method of manipulation and securing pressure seems preferable for cer- 
tain mateiials and for the average operator. Of such methods, special 
mention should be made of Chambers’ microinjection apparatus adapted 
by Brown^ for injecting the blood vessels of chick embryos under the 
microscope (Fig. 2) . 

The apparatus (Fig. 2) consists of an ordinary 2 c.c. glass syringe, a, which 
fits into the adapter, b, of a hypodermic needle, whose tip is fastened with shellac 
or de Khotinsky cement into one end of a long, coiled piece of slender, soft, 
brass tubing, c, into the other end of which is cemented at n, a four inch piece 
of i/^ inch glass tubing, d. The glass tube is drawn out at its free end into a 
slender shank with a bore having a diameter of about 1 mm., into which the 
inection cannula, e, is to be sealed with de Khotinsky cement. The cannula is 
a glass capillary, the tip of which is made by momentarily heating the capillary 
over a microburner and pulling it out just as it softens. The tapering tip may 
be broken off to form a pipette of the desired size. The support for the injecting 
device is a ball-and-socket contrivance which may be built of two Leitz dissecting 
stands. 

A warm injection can be accomplished by arranging a flow of warm water 
to heat the injection fluid in the glass tube which carries the cannula. The glass 
tube is thrust through the wall of a 1/2 inch rubber tubing, ii, in two places. The 
upper end of the rubber tube is connected with a flask of hot water, i, and the 
lower end, which serves for the outflow, is shunted off to one side with a screw 
clamp, III, to regulate the flow. 

For work under very high poiuer of the rmcroscope, Chambers' special 
methods of microinjection, described on page 86, are to be recommended. 

Another partly mechanical method devised by Knower (1908) ob- 
tains the pressure for injection from the expansion of air in a closed sys- 
tem in a glass bulb on the end of a capillary tube. Preliminary to inject- 
ing, the fine point of the tube on the end of which the bulb is blown, is 
held beneath the surface of some fluid (as India ink or Berlin blue) and 
air is driven out of the bulb by warming; the fluid then running up to 
replace the air as the bulb cools. When the system has come to an equi- 
librium the point of the tube can be inserted into the selected vessel 
under a binocular microscope, the necessary heat applied, and the injec- 
tion performed. (See Fig. 3.) 

A few directions should suffice to make this method readily available. 

A tube of not too hard glass from 2 to 4 mm. in diameter is heated in the edge 
of a Bunsen burner, and rotated while heating, until it can be drawn out rapidly 

® Brown, A. L. (Chambers). Anat. Bee., 24: 295, 1922. 

^Knower, H. McE. Amt. Rec., 2: 207, 1908. 



METHODS OF MICROINJECTION 


55 


as in Figure $ (i). The capillary is then broken across and one of the heavy 
ends heated at the point x in Figure 3 (2) to burn off the superfluous tubing 
and leave a mass of glass on the end of the capillary. The enlarged mass at the 





_ ilL _ 



Fig. 3. Knower’s method for making capillary glass bulbs and adjustments for injecting 
small blood vessels. For description see text. 


end of the capillary is now turned head-on into the margin of the flame and 
heated again until molten to the point of sagging. Avoid melting the adjacent 
capillary tube. At the favorable moment the end is removed from the flame and 
blown out quickly, but without too great pressure, through the capillary tube 
(Fig. 3, No. 4). The size of the bulb is usually 1/2 inch or less in diameter; and 
for ordinary use a thickish wall is preferable, though in certain cases greater 
sensitiveness may be secured by a thinner wall. A right-angled bend is now given 
the capillary as in Figure 3 (5) by holding it in the margin of a microburner, 
and following this, a tip of the desired fineness is given to the end by again 
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drawing the capillary through the periphery of the microbiirner, turned down 
to a minimum blue point of flame. The flame appears too large in Figure 5 (5). 
(See Summary, Section 4, p. 59, for the exact method of securing this fine tip.) 

It is important to obtain a very fine point to insure good results even 
when piercing the wall of a large vessel. Most difficulties which arise are 
to be traced to insufficient fineness of the tip. The injection bulbs may 
stand on a board as in Figure 3 (6) , or, if not too thin, in an ordinary 
glass tumbler or Stender dish. A suitable holder for the injector is very 
important in this technique, and the type pictured in Figure 3 (9) is 
believed to be the most successful. This is a jointed arm formerly used as 
a lens holder, now furnished by a number of dealers as a support for 
microlamps (for instance the Spencer Universal Lamp no. 358 is sup- 
ported by such a holder) . Having tried a variety of devices for supporting 
the injector, we consider that this assembly of ball-bearing joints is to be 
recommended, since, when properly adjusted, the tip of the injector will 
stay in the position in which it is placed. Other arrangements of bent 
metal rods (lead, etc.) or metal tubing are subject to vibration or recoil, 
springing back from the point to be injected. With the ball-bearing 
holder, as soon as the tip is secured in the desired position, the holder 
of itself becomes fixed at once and permits the injector to remain in place 
without jerks or recoil, while the hands are free to aid in various manipu- 
lations. 

Another type of holder used by Earl Perkins^^ with small Crustacea is 
an improvised column of modelers' “plasticine" clay. The cork, with the 
injector in place, can be stuck into the top of the column of clay and 
used as with the ball-and-socket holder, since the plasticine will go into 
action without vibration or recoil. 

Preparatory to injecting, the capillary tube of the bulb is wedged into 
the end of a cork, split with a safety razor (Fig. 3, No. 7) . The cork 
should be trimmed square to fit the holder as in Figure 3 (9) . To fill the 
bulb, any support which will hold the tip just beneath the surface of the 
injecting fluid without breaking it will serve. A rack may be constructed 
as in Figure 3 (8) , or it may suffice to rest the cork on the side of a dish, 
allowing the tip of the tube to hang down into the fluid. If the injector 
is fixed in the holder described above, this will keep the tip in position 
ready for use. 

In advance of injection the bulb is warmed and allowed to fill with 
the injecting fluid, and when an equilibrium is secured the holder, with 
the bulb in place, is brought over the table of the dissecting microscope 
as in Figure 3 {^a) and a microburner on a flexible, light-weight rubber 
tube placed in front at (c) . Two or more injectors should stand loaded 
at the right hand with tips in fluid. 

^'’Perkins, E. B., and Brody, M. S. J. Morph, ip PhysioL, 50: 129, 1930. 
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When the tip has been successfully entered, under the binocular 
microscope, into the location selected in the specimen, the bulb is heated 
gently with the left hand by a flick from the small microburner, as indi- 
cated in Figure 3 (7) • A single flick of the bulb may be sufficient for 
injection of a limited area, but usually the heating must be repeated (see 
Summary Section 6, p. 60) . Though the pressure rises quickly, the capil- 
larity of the tube reduces the effect so that the pressure need not get 
out of control and may be varied at will. When not in use, the gas jet 
lies ready in front of the operator and the tip of the injector, after a 
quick cleansing with the left fingers dipped in water, is immersed in 
fluid and allowed to refill. 

This method has been found most adaptable to use with small fish 
embryos (trout, toadfish, dogfish, etc., young larvae of various Amphibia, 
and other small animals) . Its advantages with such material are the ease 
with which specimens are made ready, injected and removed, to be re- 
placed by others; while the injectors, supported on holders, may be 
quickly substituted at will, one for another, in single or double injec- 
tions. Other advantages are: 

1. Less manipulative skill is required than with those methods de- 
pending on pressure from a column of fluid, a rubber bulb, a syringe or 
from the mouth. 

2. No rubber tubes or other appendages interfere with free move- 
ment. 

3. With the use of the jointed holder the maximum effort may be 
devoted to introducing the point into a vessel, while a minimum of 
attention is then demanded to applying the warmth, or other manipu- 
lation. 

4. Pressure is variable at will, and especially sensitively controllable. 

5. Fluid does not run out until desired, if a fine point is used. 

6. The amount of fluid is easily measured, so that a quantity as small 
as needed may be introduced into a vessel of a limited area. 

7. The bulbs hold fluid well without evaporation, and the cjuantity 
is seen at a glance through the glass. 

8. The apparatus is simple and easily made. 

9. The tubes are very adaptable in size and shape to special con- 
ditions. 

10. The tips are readily made of any degree of fineness. 

3. Summary of Precautions and Suggestions for Microinjection. 
The following suggestions and precautions will be found useful, what- 
ever method of microinjection is used. 

1. Material and methods adapted to different types: 
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The general method of Hoyer is adaptable to all types of specimens,, large or 
small. 

With embryos of lizards, birds or mammals, use methods ot Evans, with various 
modifications, or Brown-Chambers. 

With small embryos of fish, Amphibian larvae, and all very small animals, use, 
preferably, the method of Knower; or use Evans' method. 

Whenever possible, select animals with a minimum of pigment or with pigment 
which washes out in alcohols after fixation. 

Albuminous fluids and membranes should be removed from embryos before 
injecting. 

Salt water specimens should be washed off in fresh water immediately before 
injecting, as the sea water tends to coagulate the ink of the injecting fluid. 

2. Preparation of specimen: 

Embryos should be disposed on the injecting table according to their character 
(lighting, choice of power of the microscope and of vessel is described in Sec- 
tions 6 and 7 of this Summary) . 

Chick embryos to be injected by the Evans-Popoff method, or a modification of 
it, can be handled in the egg shell in situ after the albumen and surface 
membrane have been removed; or the entire blastoderm may be removed in- 
tact to a warm slide. The left hand should exert a gentle traction, against the 
push of the right, through fine forceps fixed on tissues around the distal end 
of the vessel injected. Permit the heart beat to help the process. 

In a similar way the umbilical cord of small mammalian embryos or shark 
embryos may be pierced by the injecting tip with the injector bulb in the 
right hand. It is often well to anchor the distal end of the cord by a tractor 
or weight of some sort. 

Animals from sea-water should be washed off in fresh water as sea water coagu- 
lates the ink of the injecting fluid. 

Most small embryos should be furnished with a bed or trough built of paraffin 
on a glass slide, with low walls open at the right to permit the specimen to 
be slipped in, with some part of the body, as the tail or leg, projecting. 
Mammalian embryos may be kept warm in body fluids in this way. Shark 
embryos can be kept in normal salt solution, while fish embryos and Am- 
phibian larvae can be also kept in position in one of the beds described, 
with the tail or leg accessible, lying flat on the glass surface. The bed or 
trough not only helps to keep the specimen moist, but serves as a useful 
resistance to the push of the pipette from the right side. 

3. Anesthetizing: 

It is not always necessary to anesthetize the embryo. If advisable, chloretone is 
one of the best substances to use. Care should be taken to avoid checking the 
heart beat more than necessary. Chloretone should be used in any event just 
before fixing to inhibit movements. 
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4. Preparation of pipettes: 

Do not use glass tubing of too hard a consistency. 

First draw out into fine tubes of a diameter somewhat greater than that to be 
used at the tip, which should be secured by re-drawing in the edge of the 
flame of a microburner turned down to a minimum blue point of flame. It 
appears too large in Figure 3 (5). Draw toward the body through the 
periphery of the microflame. 

Usually bulbs should not be too thin-walled, nor very large; though large, thin- 
walled bulbs responding to the mere warmth of the hand are good for injec- 
tion of small areas or special conditions (Perkins).^® 

Emphasis should be repeated on the importance of a very fine, sharp tip to be 
kept freely open at all times by immersion in water or other fluid when not 
in use. 

It is also important to keep the length of the capillary tube down to the mini- 
mum to reduce friction of wall. 

Preparatory to injection two or more pipettes should be loaded and placed near 
the right hand, with the tips in fluid. 

5. Injecting fluid: 

Most workers have found India ink (Higgins) one of the best fluids for injection, 
either full strength or often, as Evans pointed out, diluted with distilled 
water. A suspension of “insoluble” Berlin blue in water is another very 
delicate and desirable material. 

Excellent double injections may be made: first the Berlin blue, then India ink, 
or the fluids in reverse order. 

Silver nitrate after Sabin’s technique is another useful fluid. (See Footnote 7, 

page 53-) 

Other fine powders in solution or suspension are also to be recommended. 

6. Introduction of the tip of the injector: 

i This operation should be observed and the injection carried out in a strong light 

from above through a condenser and under an intermediate power of the 
binocular microscope; with high enough magnification to permit easy identi- 
fication of arteries and veins by means of the blood circulating in them, yet 
of sufficiently wide field to enable the spread of the injection to be watched 
in different regions at the same time. High powers give such a small field as 
to prevent adequately watching the progress of the operation, hence are 
advised only for limited local areas. 

Two or more loaded injectors should stand near the right hand, tips in fluid. 

As pointed out by Evans it is generally best to select an artery for entering the 
system, though veins are often used; vitelline arteries in bird embryos or 
young fish; umbilical artery in mammals, shark embryos, etc.; caudal arteries 
in fish, young Amphibia; brachial arteries in older Amphibia. 

Lymphatic injections should be made through one of the main trunks which 
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can be entered from branches in the tissues surrounding certain veins seen 
in the field; in fish embryos, accordingly, the injector tip should pierce the 
tissues along the vein of the lateral line, or in the tail ventrally, next to the 
caudal vein. In young Amphibian larvae aim to enter a caudal trunk, either 
ventral to the caudal vein, or a lymphatic, dorsal to the spinal cord. The 
lateral line lymphatic offers another alternative in Amphibia, especially in 
older larvae with hind limbs, and posterior lymph hearts are thus easily 
demonstrated and watched while in action. In these older specimens most of 
the lymphatic system can be injected from the lymphatics of the legs. 

In approaching the selected vessel with the tip of the injector the left hand 
helps in manipulation of the specimen, while the right introduces the pipette 
into the desired small vessel. Thus, in the case of the chick, the left hand can 
dispose of the membranes and create a slight tension by forceps on the 
vitelline vessels. In the mammal or shark the umbilical vessels can likewise 
be rendered more approachable by the use of this hand. 

As the tip is seen to reach the point selected for piercing the vessel wall, slight 
pressure is brought to bear on the fluid in the injector and a few drops 
forced from the tip, the result being merely a deposit in the connective tissue 
unless a vessel wall is pierced. Failing to inject, the tip should be pushed 
further in, along the selected vessel, and pressure again applied to the inject- 
ing fluid when the wall appears to be pierced. Soon the wall will be broken 
and entered by the injection, which immediately brings the vessel and its 
branches into view and spreads far beyond as pressure is maintained and 
increased. 

In injecting specimens which have slimy, scaly or tough surfaces, it is often 
advisable to first penetrate the surface by means of a very fine needle point 
and then follow in with the point of the injector. In certain cases of larger 
embryos, it is possible to cut through the surface tissues to a considerable 
depth in order to expose a deep artery (for instance, branchial vessels of 
large Amphibia may be exposed by cutting away the ventral portion of the 
operculum and the caudal artery may be reached by cutting away muscles). 
The injection may then be made without serious loss of blood in regions be- 
yond the cut. 

Heuser“ secured beautiful results in the branchial regions by injecting directly 
into the heart of certain mammalian embryos while watching the distribution 
of the fluid. 

Perkins^^’ was also aided by heart action in injecting small Crustacea, using glass 
bulb injectors with very thin walls warmed by the fingers. 

7. Lighting: 

A strong light from above should be directed on the operating table through 
condenser lenses. This is of primary importance, though it may be supple- 
mented from below. The same light is advised for cleared specimens. 

Heuscr, C, H. Carnegie Inst. Contr, to Emhryol.^ no. 332, 1923, 
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8. Fixation: 

Formalin can be used to fix most embryos satisfactorily; but sharper results are 
secured by immediate immersion in corrosive sublimate plus 5 per cent 
acetic acid (HgCb-[-5 cent acetic); or in Bouin’s or Carnoy’s fluid. 
With young Amphibian larvae, mercuric-acetic has been found to be most 
satisfactory, and such specimens should be washed for several days in 70 
per cent alcohol with a little iodine added. This not only removes the mer- 
cury but also helps to remove pigment in various species. 

9. Dehydration and clearing: 

Thorough dehydration followed by clearing with cedar-wood oil is advised, and 
varying amounts of methyl salicylate may be added to the cedar- wood oil to 
give more or less prominence to different structures related to the vessels, 
until the cedar oil is entirely replaced for greatest translucency. After treat- 
ing in artificial oil of wintergreen (methyl salicylate), however, it is advisable 
to return the specimens to cedar-wood oil for prolonged keeping. 

Instructive sections may be made by first transferring the specimens to oil of 
cloves, then through the following series for fifteen minutes each: Equal 
parts oil of cloves and thick celloidin; pure thick celloidin; harden in a 
block by chloroform bath; cut thick sections and mount on slide coated with 
mixture of clove oil and celloidin; fix with xylol. Thinner sections can be 
made after infiltrating the block with paraffin. 
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I. Introduction 

The micrurgicaD or mici'omanipulative technique involves pro- 
cedures which fall into two groups: (1) methods for operating with the 
free hand under low magnifications and (2) the more strictly, so-called, 
micrurgical methods which have been developed for the purpose of 
operating under the higher magnifications of the compound microscope. 
In this chapter only the latter methods will be considered. 

The micromanipulator is an accurately constructed mechanism for 
the purpose of controlling the movements of minute needles and pipettes 
under the field of observation in a microscope. In the instruments con- 
structed so far the three-dimensional movements imparted to the needles 
or pipettes are practically at right angles to one another. 

The micromanipulator is either clamped to the stage of a microscope 
or is mounted on a pillar in front of or to one side of the microscope. 
The needles or pipettes are mounted in special holders on the instru- 
ment and project over the stage of the microscope into the field of the 
objectives. For comparatively low-power work the needles can be placed 
so that their tips project down toward the stage of the microscope be- 
tween the objective and the object. This method has been used for in- 
serting pipettes into renal corpuscles and tubules and into blood capil- 
laries. 

When high power objectives are used the operations must be per- 
formed with the tips of the needles or pipettes bent up and projecting 
into a hanging drop suspended from a coverslip which serves as the roof 

""Micrurgy (micros, small; ergon, work) is a term introduced by P^terfi (see foot- 
note 10) to denote micromanipulative technique in the field of the microscope. 
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of the moist chamber (Fig. 8). Or if the inverted microscope (see Fig. 
7) is available the tips of the needles or pipettes are bent down and 
project into a drop of fluid containing the material under investigation 
which is resting on the upper surface of a coverslip. The lack of any 
obstacle between the coverslip and the objective permits observation of 
the operations with the highest powers of the microscope. Sufficient il- 
lumination can be obtained by the use of special substage condensers 
having a free working distance commensurate with the height of the 
moist chamber. 

The effect of introducing microneedles, micropipettes and micro- 
electrodes into immediate contact with protoplasm has been studied by 
numerous investigators. To be sure, one cannot attempt to perform any 
of the operations known as microdissection without injuring the proto- 
plasm to a certain extent. Because of this the micrurgical method has 
been severely criticised,^ It is believed, however, that with careful micro- 
manipulation any injury that is created is still the slightest injury that 
can be inflicted experimentally on protoplasm. It does not seem neces- 
sary to abandon the micrurgical method because of the possibility of 
producing injuries. Brooks^ has pointed out that “experimental biology 
consists in the production and study of abnormalities.” It is to be remem- 
bered that these injuries must be reversible. 

In all probability, injuries to protoplasm induced by micrurgical 
technique are more reversible than many of the other experimental 
effects frequently produced. Recovery from micrurgical experiments has 
been noted by many investigators. Gelfan^ reports that streaming in 
Nitella is resumed shortly after the insertion of a micropipette. Indeed 
if the insertion is made carefully not only manipulation with a needle 
point but injections may be performed without the cessation of stream- 
ing. Taylor and Farber^ were able to remove the micronucleus from 
Euplotes without destroying the organism. The only effect noted was the 
failure of the organism to reproduce. Chambers® noted that the region in 
a starfish egg even when injured reversibly by a microneedle becomes 
acid (pH 5.4) , but that a return to the normal pH of 6.8 is made almost 
instantly. The injection of Na and K salts into the cytoplasm of amebas 
according to Chambers and Reznikoff'^ does not lead to any irreversible 
changes. Other instances may be given. The micrurgical method is still 

^ Heilbrunn, L. V. Protoplasma Monographien. Berlin, 1928, vol. 1. 

® Brooks, S. C. Protoplasma, S: 329, 1929. 

^ GeUd.n, S. Protoplasma, 4,: 192, 1928. 

'^Taylor, C. V., and Farber, W. P. Univ. Calif, Piibl. ZooL, 26: 131, 1924. 

® Chambers, R. In: Alexander: Colloid Chemistry Theoretical and Applied. N. Y., 
1928, 2: 467. 

■^Chambers, R., and Reznikoff, P, J. Gen. Physiol., 8: 369, 1926. 
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useful as long as the injury is recognized and the results are properly 

evaluated. r / 

Undoubtedly thixotropic changes in the consistency of the proto- 



equipped with microelcctrodes. Moist chamber 
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plasm are caused by the insertion of microneedles into a cell. The use of 
micrur^cal technique in the study of protoplasmic consistency 's dis 
cussed by Seifriz.s Plowe* emphasizes the importance of noting chan ‘ s 
m Brownian movement, aggregation of granules, swelling and otL L 
tors. Ihese properties may be conveniently studied by using darkfilld 
tllumination. Even though protoplasm may be injured Jy the fppSSn 


®Setlriz, W. Bull. N<,i. Ues. Council, No. 6q, 220 
"Plowc, J. Q. Proloplaxma, 12: 196, 1931. 
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of various micro-instruments, it is believed that if the protoplasm is 
continually observed and such factors as streaming, swelling, Brownian 
movement and evidences of cytolysis are noted, useful knowledge con- 



Fig. 2. Peterfi micromanipulator. Moist chamber is mounted similarly to Taylor’s. 
One movement, b, is equipped with a microneedle, the other, also b, with a micro- 
pincette whose two tips can be separated or approximated by means of screws at base 
of pincette; a, common base for two or more movements and a microscope. 

cerning cellular physiology and cellular structure may be obtained. It 
is important to recognize irreversible injuries. Whenever an injury 
becomes irreversible the value of the results must be discounted. 

II. Apparatus and Methods 

I. Micrurgical Instruments. There are several forms of micro- 
manipulators in use at present, Taylor’s, Peterfi’s, Chambers y Fitz’s and 
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Enierson’s.^^ Taylor’s instrument (Fig. i) , formerly manufactured by 
Mr. Val Arntzen of the University of California, is based on the same 
principle as that of the original Barber pipette holder.^^ The Taylor 



FiCw. 3. Fitz micromanipulator. Two movements, right and left, and microsc'jpe 
mounted on a base; one movement equipped with microinjection syringe and special 
sciCAV-feed mechanism for cor trolling syringe in cellular injections, etc. 


micfomanipulator, however, is far more stable and consists of two mas- 
sive three-way movements mounted on a base which carries the micro- 
scope. It depends upon its mass and upon the precise hand-ground sur- 
face of contact for the accuracy of its movements which are produced 
by an arrangement of three metal slides perpendicular to each other 
and controlled by carefully cut and fitted feed screws. Peterfi’s instru- 
ment (Fig. 2) (Zeiss) consists of either two, three or four pillars 
mounted on a common base. It is much lighter than Taylor’s and cle- 
“ Taylor, C. V. Univ. Calif, PtibL ZooL, 26: 443, 1925. 

P^terfi, T. Haiidb. microbiol. Technik, 1923, p. 2471. Also in Abderhalden; Handb. 
biol. Arbeitsmethoden, Abt. v, 2: 479. 

Chambers, R. Anat, Rec.j 24: 1, 1922. (Reprinted in J. Roy. Micro, Soc., p. 373, 
1922.), 

Fitz, G. \V. Scie?ice, 73: 72, 1931. 

“Barber, M. A. Philippine J. Science, b, 9: 307, 1914. Rev. in Ztschr. f. iviss. Mikr., 
32; 82, 1915. 
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pends for its movements on both sliding and rocking mechanisms. Fitz’s 
instrument (Fig. 3) (Bausch and Lomb) is a recent development, in 
which the motions are produced by a cam or wedge action on semi- 


Fk;. 4. Emerson microinanipulalor. One micromanipulator movement showing lever 
which controls two horizontal motions, and coarse and fine feed-screw' adjustments for 
vertical motion. Needle carrier is equipped with a rack and pinion for coarse adjust- 
ments. This unit together with other similar movements and a microscope may be 
mounted on a common base. 

sliding components. Delicateness of movement is obtained by the use of 
differential feed screws. In the Emerson instrument (Fig. 4) , manufac- 
tured by J. H. Emerson (Cambridge, Mass.), the movements are pro- 
duced by manipulating one or two levers which in turn actuate the 
sliding components of the micromanipulator. 




Fig. 5. Chambers micromanipulator. Two movements mounted in front of micro- 
scope on a common base; also showing remote control shafts for fine motions and 
microinjection apparatus with flexible tube and syringe, j, a and b, two horizontal 
motion feed-screw handles; c, vertical motion feed-screw handle; f, moist chamber 
open at front end for entry of microneedles. 

of bars of rigid metal connected at their ends to form a z-like figure by 
resilient metal acting as spring hinges. The tips of the needles of 
Chambers' instrument move in arcs of large circles. Under the micro- 
scope the curvature of the arcs is not appreciable but this feature limits 
the position of the instrument in its spatial relation to the stage of the 
microscope. Further increase in the precision of the Chambers micro- 
manipulator has been made possible by the introduction of remote fine 
operating controls attached to the three movements by flexible shafts. 
The use of these flexible shafts almost completely eliminates transmitting 
vibration to the three movements by the hand. 

All the foregoing instruments have been used for most delicate opera- 
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Chambers' instrument (Fig. 5) (Leitz) also consists of two or more 
pillars mounted on a common base. It is of about the same bulk as that 
of Peterft’s but depends for its fine movements upon the spreading apart 
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tions. Theoretically, the one which uses the least amount of frictional 
surfaces in its fine movements should withstand the longest usage with- 
out impairment. In Chambers’ instrument, due to its kinematic design, 
the frictional surfaces are at a minimum. The other instruments can be 
placed at any distance from the microscope stage without affecting the 
relative directions of the horizontal and vertical movements.^^ 

It is an advantage but not an absolute necessity to have a rigid table 
upon which the instruments are to rest. In all instruments, the micro- 
manipulator and the microscope are rigidly mounted on a common base 
so that the entire equipment may vibrate as a unit. However, if external 
vibrations are excessive, the hanging drop is frequently apt to vibrate 
out of phase with the microneedles. A mat of heavy felt or sponge rubber 
beneath the base will appreciably minimize this. 

The movements of most instruments are adjustable so that they can 
be made to slide to a considerable distance from the microscope. This 
facilitates the frequent change of pipettes especially for bacteriological 
work. In Chambers’ instrument (Fig. 6) , this adjustment is a removable 
accessory which may be purchased with the instrument.^^ After the 
movement is brought back to its position close to the microscope it is 
rigidly clamped. This clamping feature is absent in Peterfi’s instrument. 
In most cases the movements may be mounted either in front of or at 
the sides of the microscope. In the Chambers and Peterfi micromanipu- 
lators, four units may be mounted and used, thereby permitting the 
simultaneous control of four microneedles or micropipettes. Quite fre- 
quently a coarse movement is useful for placing minute hanging drops 

^ Other micromanipulators which have been described are those of: 

Schmidt, H. D. Amer. J. Med. Sc., n. s., 37: 2, 1859. 

Chabry, H. J. de Vanat. et phys., 23: 167, 1887. 

Doty, H. A. J. Applied Micro., 3: 991, 1900. 

Schouten, S. L. Ztsch. f. wiss. Mikr., 22: 10, 1905. 

McClendon, J. F. Biol. Bull., 12: 241, 1907. 

Tchahotine, S. Ztsch. f. wiss. Mikr., 29: 188, 1912. 

Hecker, F. J. J. Inf. Dis., 19: 306, 1916. 

Malone, R. H. J. Path. Bad., 22: 222, 1918. 

Bishop, G., and Tharaldsen, C. Amer. Nat., 55: 381, 1921. 

Johnson, H. J. Bad., 8: 573, 1923. 

Briedigan, F. T., and Chang, T. M. J. Lab. 6* Clin. Med., 9; 572, 1924. 

Dunn, F. L. J. Inf. Dis., 40: 383, 1927. 

Florian, J. Ztschr. f. wiss. Mikr., 45: 460, 1928. 

Kopac, M. J. Trans. Am. Micr. Soc., 47: 438, 1929. 

McNeil, E., and Gullberg, J. E. Science, ^4: 460, 1931. 

de Fonbrune, P. C. R. Acad. Sci., Stance, Oct. 10, 1932. 

Reyniers, J. A. J. Bad., 23: 183, 1932. 

Buchthal, F., and Persson, C. J. Scient. Instr., 13: 20, 1936. 

Wright, W. H., and McCoy, E. F. /. Lab. & Clin. Med., 12: 3, 1927. 
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of fluid on the under surface of a coverslip. These accessories are at 
present made by two firmsd^ 

2. Choice of Microscope and Microscope Accessories. The pil- 


lars of the Chambers’ instrument can be adjusted to the height of any 
standard microscope. Peterfi’s, Fitz’s and Emerson’s micromanipulators 
are similarly adaptable but to a lesser degree. The Taylor micromanipu- 
lator IS designed for use primarily with the large research model micro- 
scope stand. 

A steady, well-controllable mechanical stage is essential in this tech- 
nique because a great deal of the micro-operative work is done by 
moving the moist chamber with the mechanical stage. The latter should 
lave a range which allows the moist chamber to be moved far enouffh 
so that the free edge of the coverslip roof of the chamber passes beyond 
the center of the microscopic field. This enables one to adjust fresh 
“Leu/, rack and pinion micromanipulator. Zeiss, simplified micromanipulator. 
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needles and pipettes without the danger of striking them against the 
roof of the chamber. Mechanical stages with control heads on both right 
and left sides are extremely useful in micrurgical work. 



Fig. 7. Inverted microscope. Inverted microscope mounted on l)ase with two micro- 
manipulator movements. Note position of objective with clutch changer (may be re- 
placed by revolving nosepiece) and illuminating condenser which has a built-in electric 
lamp. 


Probably the best type o£ microscope stage is a circular rotary stage 
with a built-in mechanical stage. The rotary feature is frequently of 
considerable assistance for bringing the open end of the moist chamber 
into an advantageous position with respect to the shafts of the micro- 
needles. 

The binocular, mono-objective microscope is preferable to the monoc- 
ular type. The equipment of oculars should include a good micrometer 
and a double demonstration ocular. 

Recently Leitz has developed an inverted microscope for use with 
the micromanipulator (Fig. 7) . The objective occupies a position under 
the coverslip, while the fluid drop containing the material under inves- 
tigation lies upon it. The hanging-drop method provides considerable 
difficulty in obtaining large and flat spreading drops. Likewise many ob- 
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jects, particularly eciiiuoderm ova, have a tendency to fall to the bottom 
of a large drop, thus making difficult the insertion of a microneedle or 
micropipette into them. When hanging drops are used they must be 
small and shallow to hold the material against the coverslip. This intro- 
duces the complication of undue evaporation. Small convex droplets 
act as lenses and the introduction of a microneedle into them causes 
considerable trouble optically. The creeping of the fluid around the 
microtip frequently tends to blot out the image in the microscope. With 
the inverted microscope a large amount of fluid may be used thereby 
offsetting rapid evaporation and eliminating the optical effects of tiny 
droplets. In fact a comparatively deep well of liquid may be used with 
a considerable length of the needle shaft completely immersed. In the 
inverted microscope the microneedles and micropipettes are manipulated 
above the coverslip and object. Above these is the superstage consisting 
of a condenser and a small illuminating lamp. Other types of illumina- 
tion including darkfield may be used. 

Since no obstacle between the coverslip and the objective exists, it is 
possible to use objectives of any type or power. Certain objectives are 
more useful than others. No optical complications arise from the use of 
lower power objectives. 

The i6 mm. objective is always useful and the 32 mm. or a Leitz 
No. 2 objective is convenient for bringing the tips of the microneedles 
or pipettes into the microscopic field or for finding them when they are 
accidentally shifted out of the field. For larger objects, e.g., fresh water 
amebas, the Leitz No. 5 objective is a most useful one. It can be used 
with high power oculars and its free working distance is considerably 
greater than that of the 4 mm. objective. For still smaller objects, marine 
invertebrate ova for example, the Leitz No. 7a objective with an initial 
magnification of 58 X is indispensable. 

In attempting to use high power objectives several difficulties arise. 
The most important is the very restricted working distance. Another 
factor, very important theoretically, is the reduced numerical aperture 
of the illuminating condenser. This reduces the resolution very appre- 
ciably. There is no point in using objectives with a high numerical 
aperture. Because of the air space existing between the condenser and 
the object, the theoretical limiting numerical aperture is therefore 1.00. 
In practice a numerical aperture of more than 0.75 is not realized due to 
the extraordinary working distance of the condenser. 

However, high power oil immersion objectives may be used with 
considerable profit particularly because of the increased illumination 
over that of high dry objectives. They are useful for work in which 
resolution of extremely minute bodies is not needed. A great advantage 


TECHNIQUE FOR CELLULAR PHENOMENA 




oi high power objectives is their restricted depth of focus. This property 
enables one to place the niicrotip vertically into a cell with far greater 
precision than is possible with lower power objectives possessing greater 
depths of focus. In micrurgical work the 3 mni. apochromatic oil im- 
mersion objective is to be recommended. The Zeiss HI 60 apochromatic 
water immersion objective is an excellent one provided due correction is 
always made for coverslip thickness. The free working distance of the 
objective is of prime importance. 

In order to secure optimum illumination the focus of the substage 
condenser must reach the roof of the moist chamber which, for ordinary 
purposes, should not be over 10 mm. high. Leitz makes a brightfield con- 
denser with a long working distance of 15 mm. and a numerical aperture 
of 0.75. A triple lens, or, better still, an achromatic, aplanatic condenser 
can be converted into a condenser having the required focal length by 
removing the top lens. In some makes the top lens has a screwing at- 
tachment for this purpose. The resulting numerical aperture will vary 
with different makes of condensers. In order to take advantage of the 
full focal length of the condenser the substage must be adjusted to allow 
the condenser to be brought flush with the upper surface of the micro- 
scope stage. A simple way to detect the focal point of a condenser is to 
blow some smoke on the upper surface of the brightly illuminated con- 
denser whereupon the emerging cone of light is plainly seen. A better 
method is to place a block of uranium glass over the condenser. Lacking 
the uranium glass a thin-walled shallow dish filled with a dilute solution 
of eosin or fluorescein will serve. 

A serviceable lighting system is a 100 watt electric bulb with a con- 
centrated filament screened by a filter of Gage’s daylight^^ (Coming’s 
daylite) ground glass, and a spherical flask of water or a buirs-eye lens, 
placed between the light source and the mirror of the microscope. The 
position of the flask or bull’s-eye can be determined by removing the 
ground glass filter and shifting the relative positions of the flask and of 
the lamp until a sharply defined image of the source of light can be 
thrown by the plane mirror of the microscope on a distant screen or 
wall. 

The image can be seen either by placing a sheet of white paper on 
the face of the mirror or by projecting the image on the wall, by means 
of the mirror. The filter may be placed either between the light source 
and the flask or between the flask and the substage condenser. The 
brightest illumination is usually procured by the latter position. 

For photomicrography and other uses, the Leitz “Monla” lamp gives 
excellent illumination. This is an incandescent illuminant using a low 

^®Gage, S. H., and Kingsbury, B. F. Anat. Rec., 10: 527, 1915-16. 
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voltage, high amperage bulb. Since the filament is wound for 6 volts, the 
amount of wire is small, thus resulting in a very concentrated source of 
light. Practically, this is point source illumination. 

The Ultropak illuminatori<^ (Leitz) is a very useful accessory for 
micrurgical work.^'^ This instrument is a vertical illuminator permitting 
the use of a large series of objectives. The light source, consisting of a 
low voltage Mignon lamp, is an integral part. Color, density or heat 
absorbing filters may be conveniently used. The entire unit is mounted 
on the body tube to replace the nosepiece. The substage need not be 
removed, in fact no changes are necessary except to remove the nose- 
piece. Each objective is equipped with a ring-type condenser. A slight 
rotation of this condenser changes the illumination from brightfield to 
darkfield without disturbing those adjustments previously made either 
with the microscope or with the micromanipulator. The Ultropak objec- 
tives, particularly the lower powers, woi'k equally well with transmitted 
light as furnished by a substage condenser. This permits one to make the 
necessary preliminary adjustments of the microneedles using ordinary 
illumination. A most valuable feature of the Ultropak is the possibility 
of using high power oil immersion objectives and realizing their maxi- 
mum numerical aperture of i.oo. The working distances of thOvSe high 
power objectives is ample for hanging-drop techniques. 

Leitz makes an Ultropak micromanipulator, a simpler device for 
manipulating one microneedle or pipette, which is useful in the study of 
fibers and bacterial isolation work. This micromanipulator consists of a 
centering adaptor fitting into the condenser sleeve of the substage. At- 
tached to the centering adaptor is the manipulator proper with a support 
for a needle or a pipette. Lateral movements are obtained by manipulat- 
ing two screws functioning similarly to those used in centering a substage 
condenser. Vertical movement is obtained by manipulating the rack and 
pinion of the substage. 

Finally, emphasis must be laid upon the fact that a study of living 
cellular phenomena, especially in experimental work in which the elabo- 
rated methods of fixing, staining and clearing of tissues have to be dis- 
carded, requires a thorough appreciation of the limits and possibilities 
of critical microscopic vision.^® 

3. Moist Chamber and Coverslips. There are two general types of 
moist chambers in use. One is open at both ends, the other at one end 
only. The former is used whenever the micromanipulator units are 

^®The Epi Condenser W, as made by Zeiss, is similar to the Ultropak. 

^■^Kopac, M. ]. Science, 82: 70, 1955. 

Coles, A. C. Critical Microscopy. Lond., 1921. 

Beck, C., The Microscope, Lond., 1924. 
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mounted at the sides of the microscope, the latter with mici'omanipulator 
units mounted in front of the microscope. 

The chamber designed by Peterfi (Zeiss) is open at both ends which 



can be closed with loose rubber sleeves. The microneedles are mounted 
so that one is on each side of the microscope and their tips are inserted 
into the chamber through closely fitting collars of the sleeves. 

The type commonly used with Chambers’ instrument is open at one 
end only and is shown in Figure 8. When this chamber is used the two 
micromanipulator units are placed so that both of the microneedles or 
pipettes pass into the chamber from the one end. The base of the 
chamber is a glass slide having a form which can be tightly gripped in 
the mechanical stage of the microscope. The walls are strips of glass or 
bakelite about 2 inches long, and of a height which is determined by the 
free working distance of the available condenser. In practice, this height 
is either 8 or 10 mm. One end of the chamber is closed with a strip of 
glass or bakelite of the same height as the side and backed by another 
strip 1 or 2 mm. higher. The trough of the chamber should be about 
2 cm. wide. Strips of wet blotting or filter paper should be placed along 
the sides of the trough. Frequently it is preferable to have the entire 
floor of the moist chamber flooded with water, in which case a thin glass 
strip is cemented across the floor at the open end. A convenient size of 
chamber is one which can be roofed over by a 22 x 40 mm. coverslip. 
The slip is held in place with vaseline. Smaller coverslips may also be 
used, provided the rest of the chamber is covered with other strips of thin 
glass. It is often convenient to use two square coverslips, each 22 mm. 
wide. 
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When several droplets are to be placed on a single coverslip they may 
be kept separated by rings of wax. The convexity of the drop is diminished 
by the use of a ring. The rings can be readily stamped on the coverslip 
in the following way. A comparatively thin-walled glass or, preferably, a 
metal tube is selected, having an evenly surfaced end with a circumference 
of the size of the required rings. The end of the tube is heated monien- 
tarily in a flame and pressed first on a block of paraffin or beeswax and 
then on the coverslip. In this way slender rings of wax can be neatly 
stamped on the coverslip especially if the slip is kept cold by being laid 
on a glass plate over a wet towel. The coverslip must be carefully cleaned 
and dried in order to insure the adhesion of the wax to the glass. 

Needham and Needham^^ use what they call a “flying coverslip.” The 
chamber is completely covered with a long oblong coverslip to the under- 
side of which is attached, by a film of water, a small coverslip with a 
hanging drop containing the tissue or cells to be operated upon. Taylor 
uses a glass or mica roof perforated with a hole of about i6 to i8 mm. in 
diameter. The material to be studied is mounted on a square or round 
coverslip which is then inverted over the hole and held in place with 
vaseline. 

A circular hole is readily made in a glass slip or coverslip by wetting 
the glass with emery powder in water and boring the hole with a copper 
tube which has a circular knife edge on one end. This tube is mounted 
on a brace or a turning lathe. Thin sheets of mica or firm celluloid may 
be used and they can be perforated with great ease. 

The chamber is purposely made rather long because of the evapora- 
tion which occurs at the open end. At a certain distance from the open 
end is a zone where the water condensation on the roof is at an optimum 
for maintaining the hanging drop which contains the cells or tissue. In 
order to prevent excessive condensation it is sometimes advisable to use 
saline solutions instead of water with which to moisten the chamber. The 
open end can be closed by means of a paraffined paper box with its sides 
cut out to accommodate the shafts of the microneedles. After being set 
in place the box is filled with vaseline thinned with oil. 

A special type of hermetic chamber devised by Barber^^ has been de- 
veloped by Needham and Needham^^ for dissecting and injecting cells in 
atmospheres of various gases. The chamber is closed at one end by a 
trough of mercury through which needles and pipettes on shafts with a 
ij-bend pass into the chamber. The chamber is supplied with two inlets, 
one to flood the chamber with the gas and the other for a delivery pipette 

Needham, J., and Needham, D. M, Froc. Roy. Soc., s, B, 98: 259, 1925. 

^Philippine J. Science, b, 9: 307, 1914. Rev. in 7 jschr. f. toiss. Mikr., 32: 82, 1915. 

^ Proc. jRo)% Soc., B, 98: 259, 1925. 
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to deposit a hanging drop of a desired solution after the chamber has 
been filled with the gas. There is also an outlet for the air or gas to pass 
out. The chamber and shafts for the micropipettes and needles have been 
further elaborated with the aid of C. G. Grand of this laboratory and are 
described in a recent publication.^^ 

Reyniers-^ has described a rather complicated moist chamber, entirely 
enclosed during work, in which a constant gaseous tension can be built 
up and maintained and which can be used with any micromanipulator. 
Pipettes may be changed without exposing the interior of the chamber. 
By using replaceable moist chambers any number of experiments may be 
carried out simultaneously with the same apparatus. 

A desirable accessory is a moist chamber for preparing and teasing 
tissues before mounting for micromanipulation.^^ It consists of a small, 
bottomless box with a flat glass top and two sides of thin rubber. The 
box is removably mounted on a plate of glass on which it is held snugly 
by strips of glass cemented to the plate. A coverslip, with the tissue to be 
teased, is laid on the glass plate and the box placed over it. The entire 
chamber is then mounted on the stage of a dissecting microscope and the 
tissue is teased by means of dissecting needles thrust through the rubber 
sides of the box. 

The cleaning of glass is a most important feature in this type of work 
in which everything depends not only upon cleanliness but also on the 
size and shape of the drops suspended from the coverslip and upon the 
condition of the glass rods and tubing from which the microneedles and 
pipettes are made. 

Glass should be cleaned by boiling thoroughly in soapy water, rinsing 
and then immersing for hours in a cleaning mixture of saturated potas- 
sium dichromate (one part) and concentrated sulphuric acid (one part) . 
It should then be washed thoroughly in running water, rinsed in am- 
moniated distilled water and kept in clean 95 per cent alcohol. When 
needed, the glass may be dried with heated air. 

Another consideration to be guarded against is the possibility that 
the alkalinity of ordinary glass and the possible loss or accumulation of 
COo or NH3 in the hanging drop may seriously interfere with the chemi- 
cal conditions in a droplet on a coverslip or in the micropipette. Soft 
glass tubing may be used provided the micropipette is rinsed in distilled 
water just before using. A flying quartz coverslip may be used to avoid 
the chemical effects of the glass. Pyrex glass, due to its rather high arsenic 
content and its excessive brittleness, is unsatisfactory. 

22 Cohen, B., Saunders, R., and Reznikoff, P. Gen. Physiol, 11: 585, 1928. 

Reyniers, J. A. A^iat. Rec., 56: 295, i 93 S* 

^ Chambers, R. jBfo/. 34: 121, 1918. 
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4* Microneedles. An automatic device for drawing microneedles 
and micropipettes (Fig. 9) described by DuBois^^'' is now supplied by 
Leitz. It is based on a method developed by Keith Lucas^^ for making 


7 6 4 5 1 6 7 



Fig. 9. DuBois needle pulling machine. Parts denoted by reference numbers: 1, 
platinum loop carrier; 2, 3, screws for adjusting position of loop carrier; 4, 5, mecha- 
nism for height adjustment; 6, clamp tension device for holding glass capillary; 7, 
tension spring. 

fine glass capillaties. A piece of capillary tubing is mounted in the ap- 
paratus and clamped by a taut spring. A platinum loop surrounding a 
small portion of the capillary is heated electrically. As the glass begins 
to melt, it is lifted out of the heat and immediately drawn out resulting 
in two identical microtips. 

An excellent needle making machine has been recently developed by 
Dr. L. G. Livingston (Biological Laboratories, Harvard University) . A 
platinum loop is used for melting the glass capillaries. This apparatus is 
distinguished in two ways, first, by its extreme smoothness and precision 
of action, and second, in the possibility of making and duplicating needle 
and pipette points of almost any desired shape. 

A simpler and effective mechanical device for making needles has been 
described by Reyniers.^'^ 

With some practice, however, it is possible to make microneedles and 
micropipettes by free hand. The equipment for this purpose is shown in 
Figure 10 and detailed description of the method follows. 

a. Making the Microheedles, (1) The Glass. The needles are made 
from glass-rodlets made from soft or hard glass. Considerable time is 
saved by using stock precision drawn glass capillary rods. We use soft 
glass rodlets 0.85 mm. in external diameter for making microneedles. 
The technique for making needles of soft glass is readily mastered. It is 

^DuBois, D. Science f 73: 344, 1931. 

* Lucas, K. /, Physiol,, voL 37: 1908, Proc. of Soc., xxviii-xxx. 

^ Reyniers, J. A. /. Bart, 26; 251,1933. 
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somewhat more difficult to make them of hard glass but they tend to be 
more durable. 

(2) If precision drawn capillaries are not available, the following 


Fig. 10. Equipment for making microneedles and pipettes. In glass vial by gas 
microburner are several lengths of glass capillaries from which needles and pipettes 
are to be made. In foreground are instruments (flat-tipped forceps and steel, dissecting 
needle) , pieces of glass tubing and rods (3-4 mm. in diameter) , some of which have 
been drawn into capillaries. To right are two wooden stands with holes. One supports 
a supply of glass rods with capillaries, ends of which have been drawn into micro- 
needles. On smaller stand is a supply of micropipettes. Ordinary soft and hard glass 
capillaries are drawn in a Bunsen gas flame. Quartz capillaries have to be drawn in an 
ox y -acetylene flame. 

method may be used. Glass rods or tubes 3 to 5 mm. in diameter may be 
drawn to capillary dimensions in the flame or a Bunsen burner. The 
capillary size should be held to an external diameter ranging between 
0.5 and 1.0 mm. Fine microtips cannot be drawn out o£ capillaries larger 
than 1 mm., while capillaries finer than 0.5 mm. tend to make the shaft 
of the microneedle too fragile. If precision needle holders (described 
later) are used, the ideal capillary size is 0.8 to 0.85 mm. in diameter. 

(3) The microburner (Fig. 10) is made from a piece of hard glass 



Fig. 11. Four photographs showing various stages in making microneedles and 
pipettes from a glass capillary, a, short capillary being held by forceps over micro- 
burner preparatory to drawing out a needle point, b, similar procedure with a long 
capillary held by both hands, c, tug which separates heated capillary in formation of 
needle tips, u, bending shaft of microneedle or pipette in microflame. 
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tubing bent almost at a right angle and with the upturned end dosed 
except for almost the smallest possible aperture that will retain a flame. 
This can be done by heat-softening one end of the tube and pinching it 
with a pair of forceps or by allowing the end to melt down to a fine 
aperture. When set in place the tip of the burner should stand at a 
height somewhat less than the width of the operator’s palm measured 
across the base of his fingers, (c£. Fig. 1 1) . The size of the flame is regu- 
lated by one or two Hoffman screw clamps on the rubber tube connecting 
the burner with the gas jet. A steel hypodermic needle mounted in a 
rubber tube will also serve as a microburner. 

(4) The Microtips. 

(a) The Flame. Lower the flame of the microburner to almost the smallest 
flame that will remain lighted. The microburner should be protected from 
draughts of air and kept in semi-darkness or against a mahogany red or black 
background so that the flame will show up to best advantage. 

(b) Length of Shaft. The shaft, when mounted, should be about 5 to 6 
cm. long. This length depends upon the length of the moist chamber and the 
distance of the field of the microscope from the needle holder of the micro- 
manipulator. If the capillary shaft is too short its holder will extend into the 
moist chamber and so impede the range of movement. In practice, it is well to 
have the shaft 8 to 10 cm. long. The excess length may be trimmed just before 
mounting into the needle holder by scratching the capillary with a diamond 
point or a carborundum crystal and breaking at that place. A clean break will 
aid in preventing possible vertical displacement of the inicrotip (see p. 89). 

(c) Drawing the Microtip. To make the microtip, hold the capillary tube or 
rodlet in the left hand and grasp the other end either with forceps or with the 
thumb and forefinger of the right hand. No special precaution is required re- 
garding the length as the shaft is later cut to the proper size. 

While pulling gently and steadily with the right hand bring the capillary 
just over the microflame, (Fig, 11 a, b). 

As the glass is softened by the heat, lift it slowly from the flame while pull- 
ing slightly more than at first, but not too strongly. The hands should rest on 
the table during the procedure and the pulling and lifting done by turning 
them slightly outward (Fig 11, c). The capillary will separate with a slight tug 
—a feeling much like that experienced when a taut thread, held in the fingers, 
is parted in a small flame. If the needle is properly made, as in Figure 12, d, 
it will taper to a fine rigid tip. Everything depends upon the amount of heat 
used and the timing of the added pull, and these vary slightly with the height 
of the flame and the diameter of the capillary. With a little experience, one can 
usually tell when a proper tip is made by the peculiar feeling just described. If 
too little heat is used and the pull made too suddenly, the capillary may part 
with a snap and the tip will be found broken off short or if the capillary is 
hollow, rounded off bluntly with a short protruding hair. If too much heat is 
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used, the capillary will draw out into a long flexible, unserviceable hair (Fig. 
19, ^). The type of needle tip and its serviceability are determined upon exam- 
ination through a low power of the microscope. 
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Fig. 12. Making of niicroneedles. a, glass shank (3-5 mm. in diameter) drawn out 
into a capillary about 0.75 mm. in diameter and 70 mm. long; b and b'^ capillary 
shaft with and without shank. End of shaft is drawn out, in a microflame, into a 
shaftlet, 5-6 mm. long, and a microtip about 60/4 long; c, shaftlet tapered quickly 
into an elongated microtip (quick taper) ; d, shaftlet with a gradually tapering micro- 
tip (gradual taper) ; e, unserviceable, long, tapering hair. 


(d) Types of Microtips. A successfully made microneedle (Fig. 
12, b) on the end of a capillary shaft consists of a shaftlet and a microtip. 
The needles are of various types according to the form and size of the 
shaftlet and of the tip. It is usually impossible to tell beforehand which 
of these types will be made when drawing them out over the microflame. 

The serviceable needles are classified into two general types, one, the 
quick taper (Fig. 12, r) in which the diameter of the shaftlet decreases 
more or less rapidly and then extends as a slender, elongated tip, and the 
other, the gradual taper (Fig. 12, d) in which the shaftlet tapers gradu- 
ally to the tip. Both types may be further classified as coarse, medium and 
slender. Some actual measurements from typical needles are given in 
Table I. 

With experience the operator will soon learn to appreciate the type 
of needles best adapted to his special requirements. 

b. Bending the Shaft. After a suitable microtip is made the needle is 
bent at an angle over the microflame (Fig. 11, n) . The bend should be 
anywhere between a right and an obtuse angle of about 135° or more. 
In Figure 13 several different types of bends are shown. A rigid needle 
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results if the bend is on the shaft just below the slender shaftlet (Fig 
13, a) . This type of needle, especially if the bend approaches a right 
angle, is in danger of being easily broken when the tip meets the cover- 
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Fig. 13. Bending of shafts of microneedles, a, Rigid needles with bend on shaft; 
b, yielding needles with bend on shaftlet; c, rigid and yielding needles with shaftlets 
bent on themselves (reflex type) . 

slip. A more resilient and yielding type results when the bend is made on 
the shaftlet (Fig. 13, b) especially when the angle of the bend is obtuse. 
A type of needle (Fig. 13, c) in which the shaftlet is bent upon itself, is 
well adapted for cutting or moving a cell about. 

The method of bending varies with the difference in the length of the 
shaftlet. If the shaftlet is long enough to be included in the knee of the 
bend, the heat of the microflame is often sufficient in itself to produce the 
bend. A metal needle or a broad-tipped forceps serves not only to protect 
the tip from the flame during the bending process but also to conduct 
away the heat which may otherwise completely melt the shaftlet. If the 
shaftlet is short the knee of the bend is made on the capillary shaft be- 
yond the shaftlet and this requires pushing with the steel needle or with 
the forceps. The height of the portion of the needle beyond the bend 
should not be over 4 or 5 mm. for use in a moist chamber 10 mm. high. 

The grasping surfaces of the forceps used in drawing out the needles 
should be more or less parallel. In order that the surfaces may grip with- 
out breaking the glass it is advisable to coat them with a thin layer of 
Canada balsam or varnish. 

Fine points of shaftlets of serviceable length are not made from capil- 
laries of a diameter much greater than 0.85 mm. Therefore, if a compara- 
tively stiff shaft is required start with a thick capillary and draw out the 
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tip into a thinner capillary. This thinner capillary may then be used for 
making the microneedle. 

c. Mounting the Needles. A superior arrangement is to use the pre- 

B 


Fig. 14. Schematic figure (twice actual size) showing construction of precision needle 
holder. A and B, metal screw caps. W, a brass washer, concave on one end, which is 
forced against rubber packing, R, by screw cap, A. Micropipette is mounted on A end, 
while flexible metal tube leading to a syringe, with its rubber packing R, is mounted 
on B end of holder, 

cision needle holder (Fig. 14) (Leitz) as designed by Dr. Richard Frank 
formerly of this laboratory. This device is a metal tube about 3 inches 
long and about 4 mm. in diameter fitted with rubber washers and screw 
caps at both ends. One end carries the microneedle or micropipette while 
the other end is free. When used in microinjection work the free end is 
fitted to a flexible metal tube leading to a syringe (described later) . The 
shaft of the needle or pipette is inserted through the rubber washer in the 
nut and the nut is tightened by turning with a thumb and forefinger. 
This arrangement firmly clamps the needle or pipette in place and is also 
leak proof to the fluid used in the microinjection system (see p. 87) . 
With the needle mounted in the precision holder, the holder is then 
clamped to the carrier on the micromanipulator. The needle is now ready 
to be adjusted within the microscopic field. 

First one needle is coarsely adjusted by bringing it into the cone of 
light emerging from the substage condenser. Secondly, the tip of the 
needle is centered, first with the Leitz No. 2 objective (usually by hand) 
and afterwards with the 16 mm. (using the micromanipulator move- 
ments) . A coverslip with a hanging drop of water is placed drop down 
on the moist chamber. This should be done outside the microscopic field 
and beyond the needle point. While the tip of the needle is being kept 
under observation through the 16 mm. objective the moist chamber is 
moved with the mechanical stage, until the edge of the coverslip appears 
into view. The tip of the needle should now be raised or lowered with the 
coarse vertical adjustments of the micromanipulator^s to a level so that 
the cover glass may be moved over the tip without touching it. The hang- 
ing drop is now brought into the microscopic field, and the micro tip is 

®>This procedure applies particularly to the Chambers micromanipulator. 
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further adjusted by using the coarse movement so that the tip almost but 
not quite touches the bottom of the hanging drop. Now by using the fine 
vertical movement, the microtip can be brought into the hanging drop. 



t 


Fig. 15. Needles mounted in a moist chamber. Side view of moist chamber to show 
two microneedles with their tips in a hanging drop suspended from a coverslip which 
roofs the moist chamber. 

On the Chambers micromanipulator the microtip should completely clear 
the bottom of the hanging drop when the fine vertical movement is 
brought to rest. The details of this last procedure will vary somewhat 
with the type of instrument and moist chamber available. 

When once the first needle is properly adjusted with respect to eleva- 
tion it is a simple matter to adjust the second needle point to the same 
elevation. Here the first needle is used as a guide. In microinjection the 
needle is frequently used only for the purpose of adjusting the micro- 
pipette to the correct elevation. A good needle, when once proved to be 
resilient and strong, can be used repeatedly. 

When two microneedles are to be used, one may be bent backward 
and the other forward (Fig. 15) . In using a micropipette in conjunction 
with a microneedle, it is advisable to have the microneedle bent back- 
ward (reflex type) and the micropipette bent forward (one bend) . The 
tip of the reflex microneedle should not lie directly over the shaft of the 
capillary so that the latter will not be in the way of the light. For a cut- 
ting needle the angle at which the shaftlet is bent back on itself can be 
ascertained only by experience, for, if it is too near the horizontal, the tip, 
as it is raised against the coverslip, will tend to bend down instead of 
cutting up into the cell to be operated on. If the angle is too far from the 
horizontal, the cell will slip away from the needle. 

d. Method for Placing Microtip in Field of High Power Objectives. 
More often than not, the objectives on a revolving nosepiece are neither 
centered nor parfocal. Thus if a microtip is centered in the field of a low 
power objective, it may be out of the field of a high power objective and 
its focal plane may be difficult to find. The following method is simple 
and effective. Mount a jagged edged coverslip on the moist chamber and 
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search for an easily identifiable portion of the edge in the field of the 
highest power objective which is to be used. Place this portion short of 
the center of the field. Now with the low power (Leitz No. 2 objective 
or its equivalent) place the tip of the needle as close as possible to the 
selected portion of the coverslip and adjust its level for correct elevation. 
On replacing the low for the high power lens, the tip of the needle will 
be in the field. When using the double instrument, one microneedle 
should be adjusted for position and elevation and kept there to serve as 
a guide for placing the tip of the other needle or micropipette. 

e. Other Methods for Obtaining Needle Tips, Another good method 
for making the needle points is that of Chabry.^^ The tip of a glass capil- 
lary is brought into contact with a heated mass of glass (or any incandes- 
cent body to which glass will adhere) and suddenly drawn away. For an 
incandescent body Chabry used the blade of a platinum knife. The capil- 
lary is held in a groove on a stand a few centimeters from the platinum 
blade. This blade is then heated to a dull glow, and the capillary slid in 
the groove until the tip touches the glowing metal when it is instantly 
slid back. The sliding of the capillary in a stationary groove insures a 
straight taper. 

Peterfi^^ has an ingenious microcautery device (incandescent platinum 
filament) for drawing glass points and making micro-hooks out of micro- 
needles in the field of a microscope. 

Needle points may also be made by grinding the end of a fine wire. 
To produce chemical effects in a cell, McClendon^^ used a copper wire 
ground to a point and further sharpened by erosion in acid. The chemical 
injury produced by metal needles limit their use for the dissection of 
living cells. 

Peterfi described the use of scales of butterfly wings cemented to the 
tips of microneedles, et cetera. A useful cement for this work is made by 
dissolving celluloid in amyl acetate. Chabry also suggested the use of in- 
sect mouthparts, annelidan bristles and the spicules of sponges for the 
tips of microdissection needles. Barber^^ suggested fine pointed needle 
crystals, and the sharp, stiff hairs on the body of a house fly. A pipette 
with a fairly large opening is made and the hair or crystal is drawn 
partly into it. The fine point projecting from the tip of the pipette is 
then used as a probe or a dissecting needle. 

5. Cellular Microinjection Apparatus and Technique. The micro- 

Chabry, L. /. d'anat. physiol., 2%: 167, 1887. 

®^P^terfi, T. Handb. microhiol. Technik, p. 2471, 1923. Hand. hioL Arbeits- 
niethoden (Abderhalden) , Aht. v, 2: 479. 

McClendon, J. F. /. ZooL, 6: 265, 1909. 

^Philippine /. Science, b, 9: 307, 1914. Rev. in Ztschr. f. wiss. Mikr., ^2: 82, 1915. 
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injection apparatus is used with a micromanipulator for the purpose of 
injecting aqueous or non-aqueous fluids and suspensions into the cyto- 
plasm, vacuoles or nuclei of living cells. The diameter of the bore of the 
micropipettes may be anywhere from less than half a micron to more, 
according to the required type of microinjection. 

The ability to microinject depends not only on the fineness of the 
micropipettes but also on the accurate control of pressure and the surface 
tension conditions of the fluids to be injected. 

In the methods described by Barber and by Peterfi^^ the driving force 
depends upon the effect of heat and cold on the expansion of mercury 
on the one hand and air on the other. For finer work it is necessary to 
have a more dependable control over the pressure than is afforded by 
these means. 

More serviceable methods are described below: 

a. Chambers Injection Apparatus. This apparatus (Fig. 5) consists 
of the following parts: (1) a glass Luer-type syringe (1 to 2, ml. capacity) 
preferably with a metal nozzle; (2) a capillary tube of flexible metal 
(less than 2 mm. outside diameter and about 1 meter long) ; (3) a metal 
adaptor to join the syringe to the flexible tube (usually a hypodermic 
needle with the needle portion removed) ; (4) a precision micropipette 
holder (see p. 84) which joins the flexible tube to the micropipette; and 
(5) a syringe socket or holder for fastening the syringe to the base of the 
micromanipulator. The plunger of the syringe is controlled generally by 
hand. In certain cases a screw or lever feed may be used to an advantage. 

The apparatus is assembled as follows: 

The syringe and the lower end of the flexible brass tube, which con- 
nects with it, are clamped in place close to the base of the microscope. 
The flexible tube, running from the base clamp (Fig. 5) is curved and 
bent into a large loop until the precision needle holder at its upper end 
lies with no constraint in the carrier of the micromanipulator where it is 
to be clamped. To prevent leakage it is advisable to apply a thin film of 
Lubriseal on the nozzle of the syringe. Unless supplied clean the entire 
unit should be thoroughly flushed with xylol and rinsed with alcohol to 
remove any grease that might be present, especially in the tube. The 
syringe, the flexible tube and the precision needle holder are then com- 
pletely filled with water (boiled or distilled) and the plunger pushed at 
least half way into the syringe. The entire system is thus full of water 
except for the micropipette which is to be set into the precision needle 
holder. Lastly a selected micropipette is mounted in the precision needle 
holder and the system is tested for leaks by compressing the plunger on 
the syringe. 

See footnotes 30 and 32. 
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Neediiam and Needham'^^ have introduced a useful modification 
whereby the syringe can be filled by a continuous supply of water. Be- 
tween the syringe and the flexible tube there are inserted two three-way 
stopcocks, one leading to a reservoir of distilled water, and the other 
opening to the exterior. By opening the former the syringe can be filled 
by pulling out the plunger; by opening the latter the liquid in the 
syringe can be expelled. 

(1) Micropipettes. The micropipettes are made from hollow, thin- 
walled glass capillaries di'awn to needle points as described on pp. 78 to 
86 (cf. Fig. 13) . An essential precaution in the bending of the shafts of 
micropipettes is to maintain a wide lumen at the bend. The bend should 
always be inspected with a low power microscope to determine whether 
the lumen is wide open at this point. The conversion into micropipettes 
is done, just before using, by breaking off their tips (see p. 89) . 

Hard or alkali-free glass capillaries are used for two reasons: (1) the 
brittleness of the hard glass enables one to break off the tip with greater 
precision, and (2) hard glass can be more readily cleaned and rendered 
alkali-free. Soft or soda-glass tubing may be used if care is taken to wash 
the pipette in clean distilled water just before using. Serviceable capil- 
laries are drawn with an external diameter of 0.8 mm. and may be drawn 
by hand or supplied by a glass blower. Prior to drawing the glass should 
be carefully cleaned. The ends of the capillaries should be sealed to keep 
clean. Jena (one red stripe) glass has excellent qualities for micropipettes. 
The use of thin-walled capillaries is to insure having the largest bore 
possible in the slender shaftlet of the pipette. Sometimes it is more con- 
venient to have a pipette with stouter walls. Such pipettes are less readily 
broken, but owing to the smaller sized lumen, run the risk of quickly 
clogging. The best pipette for general use is of the quick tapering type 
(Fig. 12, c, and Table 1) . Its aperture, when first made, may be less than 
half a micron in diameter. Fluids will flow through it with ease provided 
the tip is dipping into a fluid of similar nature. The comparatively broad 
shaftlet close to the tip serves to supply pressure which enables one fre- 
quently to force open a clogged microtip. 

(2) Mounting the Micropipettes. The former method of mounting 
micropipettes was to seal them with soft deKhotinsky’s cement^^ to the 
base of a hypodermic needle which could be accommodated by a metal 
shank attached to the flexible tube. This method is inconvenient. Instead 
we use the precision needle holder described on page 84. It is possible to 
remove a broken pipette and insert a fresh one in less than a minute’s 
time, 

Proc. Roy . Soc., s. h, gS: 259, 1925. 

A special type of resinous cemeiit used commonly in the laboratory. 


TECHNIQ^UE FOR CELLULAR PHENOMENA 


89 


Just before inserting the pipette into the needle holder a droplet of 
water should be expelled. Then the open end of the pipette shaft should 
be touched to this droplet so that some water will enter the capillary. 
Care should be taken not to insert the open end of the capillary too far 
into the needle holder. In most cases the lumen of the rubber washer is 
not concentric and if the shaft of the pipette projects beyond the rubber 
washer the microtip will undergo appreciable vertical displacement when 
pressure is applied from the syringe. By having the end of the pipette 
shaft flush with the end of the rubber washer this vertical displacement 
is less likely to occur. 

(3) Opening the Microtip. After the micropipette has been mounted 
in the needle holder and the injection system tested for leaks, the micro- 
tip is adjusted in the microscopic field and also vertically with respect to 
the level of the coverslip. A microneedle previously adjusted for elevation 
is used as the guide for placing the micropipette. If the column of water, 
forced into the shaft of the micropipette by compressing the syringe, does 
not return to its original level upon releasing the pressure, the micro- 
pipette should be replaced for the tip of the pipette must have broken 
and is in all probability too large. 

The intact microtip is now brought into the hanging drop of the fluid 
to be used for injection, and is converted into an open micropipette by 
raising the tip very cautiously and breaking it against the lower surface 
of the coverslip. Thi'ee precautionary measures are necessary during this 
procedure: first, the tip should be broken while under observation through 
the objective which is to be used for the injection. This insures against 
breaking off too much of the tip. The second precaution is to use the tip 
of the microneedle, mounted in the accompanying micromanipulator 
movement, to orient oneself regarding the proximity of the under surface 
of the coverslip. In other words, the needle should serve as an advance 
guard of the pipette to minimize the chance of damaging the latter. 
Finally, it is advisable to keep the plunger of the syringe under pressure 
while the tip of the pipette is being broken.' This lessens the risk of clog- 
ging the pipette at the very start. 

The injection fluid is now drawn into the pipette by exerting a gentle 
pull on the plunger of the syringe. Only a small amount should be 
drawn in. Rarely should the fluid pass the bend of the micropipette. 

Operating the plunger of the syringe for expelling precise quantities 
of fluid from the micropipette requires considerable practice. An essen- 
tial precaution for controlling the delivery of minute quantities is to have 
a microtip of the rapidly tapering type (p. 82, Fig. 12, c) . Movement of 
the plunger of the syringe should be performed by gently rotating the 
plunger between the thumb and forefinger with the wrist firmly steadied 
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on the table. In practice, the syringe is mounted on the left side of the 
microscope, while the micropipette is mounted on the right microma- 
nipulator movement. The location of the syringe with respect to the 
right or left side of the microscope is arbitrary, but the micropipette 
should always be mounted on the micromanipulator movement opposite 
to the side on which the syringe is mounted. Thus one can operate the 
micromanipulator movement holding the micropipette and the syringe 
simultaneously with the two hands. 

From the preceding description it is evident that the injection fluid 
in the tip of the micropipette is separated from the water in the injection 
tube by a column of air in the shaft of the pipette. This point is further 
discussed later. 

The hanging drop should be as free as possible from suspended 
particles which may clog the pipette. Only carefully filtered solutions 
should be used. Particles, especially those of dust, tend to sink and will 
in time accumulate in the lower surface of the deepest region of the 
drop. Therefore, especially with a very fine pipette, always fill the pipette 
while its tip is far up in the drop, and when removing it from the drop, 
be sure not to lower it through the deepest region where the particles 
tend to accumulate. 

b. Taylor's Injection Appamtus.^^ This apparatus (Fig. i6) was de- 
signed to be mounted directly on one of the movements of the Taylor 
micromanipulator. Injection is performed by applying pressure on a 
column of mercury by means of a feed screw pressing against a thick rub- 
ber plug. The glass, h-shaped tube is filled with mercury after being first 
evacuated. 

The micropipette is cemented to the glass shank with deKhotinsky’s 
cement. Care must be taken to avoid boiling the cement while sealing 
the micropipette to the shank. If the gas from the cement escapes into 
the mercury there is a strong possibility of a break occurring in the 
mercury column within the micropipette shaft. After the micropipette 
is cemented in place, mercury is forced to the tip of the pipette by turn- 
ing the coarse feed screw. Microinjection into a cell is performed by turn- 
ing the fine feed screw. Fluids are drawn into the micropipette by re- 
versing the feed screws. 

c. McNeiUGullberg^^ Micropipette, This instrument is a modifica- 
tion of the Taylor microinjection apparatus. It is smaller and makes use 
of a lever and thereby removes the screw from the direct line of the 
pipette. A more delicate control of the pressure is obtained and the 
movements of the hand are not transmitted to the micropipette to any 

^^ Univ. Calif. Fubl. Zool, s6: 443, 1925. 

74: 460, 1931. 
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extent. A brass cylinder is fitted with a piece of glass tubing filled with 
mercury and capped with a solid plug of rubber. The micropipette is 
cemented into the free end of the glass tube. A metal plunger controlled 
by the thumb screw pushes against the rubber which in turn controls 
the column of mercury. The column of mercury acts as a piston in an 
ordinary syringe. This instrument could be greatly improved by replacing 
the glass tube with the equivalent of a precision needle holder, thus 
eliminating the undesirable necessity of cementing the micropipettes to 
the pipette holder. Dr. McNeil has used this micropipette successfully 
in isolating and handling the cysts of parasitic amebas. 

d, Fitz's Syrmge Micro-Injector-Aspirator. This instrument (Bausch 
and Lomb) is made especially for use with the Fitz micromanipulator 
(shown mounted on micromanipulator in Figure 3). A single control 
permits either massive injection or microinjection or aspiration. Injec- 
tions up to 0.5 ml. in volume can be done rapidly by pushing the con- 
trolling handle in a pumping fashion. Microinjection is performed by 
rotation of the control handle. A flexible metal tube connects the syringe 
to the micropipette holder. 

e, Reyniers' Microinjection Apjyaratus.^^ This depends on a method 
in which air pressure is built up slowly and released instantly which is 
similar to that formerly recommended by Peterfi. The gas is compressed 
by the weight of a column of mercury fed through a variable opening. 
A specially designed push valve is used to allow an instant release of 
pressure by pressing a button. The push valve is adjustable so that the 
rate of releasing the pressure may be regulated. The air compression 
can be built up slowly and may be instantly returned to atmospheric 
pressure by the push valve. There is no danger of contaminating or dilut- 
ing the injection fluid. This apparatus was used to form microdroplets 
in ‘‘single cell” isolation experiments. Because of the large volume of 
air in the system, delicate microinjection of living cells is not possible. 
For this work the minimum of air space in the system is needed. 

/. Notes on Microinjection Apparatus and Technique. Both the 
Taylor and McNeil-Gullberg pipette holders^*^ were designed for special 
micromanipulators. The Chambers microinjection unit may be quickly 
adapted to any of the existing micromanipulators. In the Taylor-type 
pipette holder an attempt is made to eliminate an air column between 
the fluid in the pipette holder and fluid to be injected. The reason for 
this is obvious. 

Because of the extremely small aperture of the microtip, surface ten- 
sion forces are relatively large. With given back pressures, the fluid may 

®®Reyniers, J. A. Anat. Rec., 56: 507, 1933. 
footnotes 10 and 12. 
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remain in the tip or it may leak out, depending on the nature of the 
fluid into which the tip is dipping. In some cases some of the external 
fluid will enter the pipette even though considerable back pressure is 
applied. All these possibilities must be considered when quantitative 
or even qualitative microinjections are demanded. 

On the other hand the use of mercury has its disadvantages. Mercury 
is very easily contaminated, which immediately alters its surface tension 
characteristics and its cohesiveness. Thus when fluid is to be drawn into 
the pipette, the mercury column is apt to break, thereby rendering unfit 
the entire set-up. The use of oil has been tried. Unfortunately oil has 
the tendency to creep, causing not only the contamination of the in- 
jection fluid but also damaging the valve of the instrument. When the 
bore of the pipette is large (over 50^) , mercury may be used. 

We have continued working with an air gap separating the injection 
fluid from the water in the syringe, tube and pipette holder. This set-up 
is the most expedient when qualitative injections are sufficient. One 
gradually learns to control the fluid in the microtip by means of the 
plunger on the syringe. If some fluid leaks out of the tip when intro- 
duced into the hanging drop, it is not so serious. Care must be taken 
so that no fluid from the hanging drop enters the microtip, otherwise 
one might be unknowingly injecting the hanging drop fluid instead of 
the desired experimental fluid. 

So far no one has devised a microinjection apparatus that will per- 
mit quantitative injections. There are two possibilities of approach and 
it is hoped that in the near future a reliable quantitative micropipette 
will be developed. 

Of the two possibilities for delivering amounts far in excess of micro- 
scopic dimensions, one is the Brandt-Rehberg-^^ burette which consists 
of a finely calibrated capillary tube. The expelling and filling mechanism 
consists of a fine screw which forces a tightly fitting steel piston into a 
suitable receptacle in the lower part of the burette. This well is filled 
with mercury. By turning the feed screw the piston displaces the mercury 
and forces a corresponding amount of mercury into the capillary. The 
titration fluid occupies the space above the mercury. With this arrange- 
ment volumes as small as 0.02 c.mm. can be estimated while the burette 
is calibrated in 0.2 c.mm. units. The tip of the burette as used by Linder- 
str 0 m Lang and Holter^^ has an internal bore of 0.15 mm. 

Another type of burette is described by Widmark and 0 rskov.^^ A 
similar screw feed arrangement is provided but the volume is read on a 

*®Brandt-Rehberg, P. Biochem. J., 19: 270, 1925. 

Linderstr0m-Lang, K., and Holter, H, Comp. rend. Lab. Carlsberg, 19: No. 4, 1931, 

’‘^Widmark, E. M. P., and 0 rskov, S. L. Biochem. Ztschr., 201: 15, 1928. 
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calibrated micrometer screw instead of on a calibrated burette. In this 
type possible leakage in the packing surrounding the piston is a likely 
source of error. 

These burettes are filled with mercury and the titration fluid. No air 
gap exists, thereby providing a precise control of pressure. The future 
volumetric pipette will in all probability be fashioned after one of these 
two microburettes. However the difficulties of being able to inject known 
volumes of the order of 6.5 x lO"^ c.mm. (approximate volume of ameba 
nucleus) are apparent. 

It is possible to inject known amounts of oils or water-immiscible 
fluids into cells if the droplets become spherical. The diameter of the 
droplet can be measured with an ocular micrometer and the volume 
calculated. In some cells, particularly in muscle cells, the oil does not 
assume a spherical shape but becomes an elongated lenticule. Here volu- 
metric calculations are extremely difficult. 

6. Microinjection Apparatus for Renal Corpuscles, Blood Capil- 
laries, etc. Wearn and Richards^^ used a Barber pipette holder^^ to 
hold a sharp-pointed, quartz capillary pipette (point with 10 to 
inner diameter) for withdrawing fluid from the renal capsule of a frog's 
kidney. The operation is performed in the field of a binocular dissecting 
microscope. The pipette is connected by means of rubber tubing and a 
three-way stopcock with a bulb, and the whole apparatus, including the 
quartz tip, is filled with mercury from the bulb. After inserting the tip 
of the pipette into the renal capsule the bulb is lowered to create nega- 
tive pressure sufficient to draw the glomerular fluid into the, pipette. For 
the technique of preparing the frog, arranging the illumination of the 
kidney and of analyzing the withdrawn fluid the reader is referred to 
the original article. Dr. Richards has now elaborated a micromanipulator 
which possesses a thrusting movement which is of great value for these 
operations. 

Keosian^^^ used a similar method for removing the cystic fluid from 
chick mesonephric tubules cultured in vitro. The tonicity of this fluid 
was measured by the use of a modified Barger method. White and 
Schmitt'^^ used a similar method for the kidney tubules of Necturus, 
They devised a metal pipette holder of comparatively simple construc- 
tion which permits manipulations sufficiently accurate for their purposes. 
A full description of it is given in their publication. 

Wearn, J. T., and Richards, A. N. Am, J. Physiol., 72: 209, 1924-25. 

Philippine J. Science, B, 9: 307, 1914. Rev. in Ztschr. f. wiss. Mikr., 32: 82, 1915. 

^®Keosian, J. Ph. D. Thesis, New York University, 1936. 

White, H. L., and Schmitt, F. O, Am. J. Physiol., 76: 483, 1926. 
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Landis^^ has modified Chambers’ microinjection apparatus to in- 
clude a manometer for recording capillary blood pressure and to permit 
injections under known pressures. When working with the mesentery of 
a frog a loop of intestine is pulled out and laid loosely over a glass slide. 
The preparation is kept moist by a constant slow drip of normal saline 
solution. Florey^^ describes a technique for working with vessels in the 
mesentery of small animals. This method has been further developed 
by Zweifach^^ and Baron and Chambers^^ for the purposes of studying 
the migration of blood cells in frog capillaries. 

7. Darkfield Illumination for Micrurgical Work. Microdissec- 
tion and microinjection in the darkfield have been made possible by the 
use of a special substage condenser of Peterfi'''*^ manufactured by Zeiss. 
There are two forms of this condenser, one with a free working distance 
of 9.4 mm. (N. A. 0.4) to be used only with low power objectives and 
a second with a working distance of 4.5 mm. (N. A. 0.65) to be used with 
medium power objectives. 

Leitz has developed a darkfield condenser with a working numerical 
aperture of 0.75-0.80 and with one or two operating openings 11 mm. 
high through which the microinstruments may be introduced. A special 
round stage plate 50 mm. in diameter placed over the darkfield con- 
denser serves as a support for the coverslips. This plate also comprises 
the moist chamber. This equipment gives excellent darkfield illumination. 

One may obtain darkfield illumination by using the Ultropak illu- 
minator (see p. 74) . The advantages of this equipment include: (1) the 
ability to use brightfield illumination at will; (2) the wide choice of 
styles and sizes of moist chambers, and (3) the possibility of using objec- 
tives with a numerical aperture of 1.0. The following procedure was 
used by Kopae''^^ in studying the plasmalemma formation in amebas torn 
with a microneedle. The coverslip containing the amebas in a shallow 
hanging drop is placed on the moist chamber with the ring condenser on 
the Ultropak previously adjusted for darkfield illumination. The pre- 
liminary adjustments of the microneedles are made in a brightfield as 
furnished by a substage lamp and condenser. Two switches placed con- 
veniently near the micromanipulator are used to control the two sources 
of light. At any time, during the time or after the ameba is torn, the 

Landis, E. M. Am. J. Physiol., 75: 548, 1925-26. 

"^Blorey, H. Proc. Roy. Soc., s.b, 100: 269, 1926. 

'‘^Zweifach, B. Afiat. Rec., 59: 83, i934. 

Baron, H., and Chambers, R. A m. J. Physiol., 114: 700, 1936. 

Handb. microbiol. Technik, p, 2471, 1923. Handb. biol. Arbeitsmethoden (Ab- 
derhalden), Abt. v, 2: 479. 

Science, 82: 70, 1935. 
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substage lamp can be quickly turned off and tlie darkfield turned on. 
Thus the effect produced by the microneedles on the protoplasm can be 
immediately studied with an excellent darkfield illumination. 

8. Microsaltbridges, Microelectrodes and Micromagnets. In the 
literature, microinstruments used for establishing electrical contact with 
protoplasm are frequently referred to as microelectrodes. Blinks'"^’^ pointed 
out that all non-polarizable so-called microelectrodes should be called 
microsaltbridges. The capillary point which is to be inserted into a cell 
is filled with an electrolytic solution and this leads to an electrode of 
ordinary size. Various types of microsaltbridges and accompanying elec- 
trode assemblies have been described. Original papers should be con- 
sulted for details.^*^ Of those described, the methods of Telkes and Kopac 
are the most useful. Kopac used an electrode system which combined a 
Chambers microinjection unit with a calomel half-cell. 

Metallic microelectrodes have been described by Taylor^^^ and Sen.*'^^^ 
Taylor constructed his electrodes by drawing a glass of quartz capillary 
tube containing a metallic wire in a suitable microburner. In preparing 
these microeiectrodes due consideration should be taken of the relative 
coefficients of expansion of the metal and the glass. The glass or quartz 
is cut back from the tip (to expose the metal) by a micro-diamond cut- 
ter mounted on a micromanipulator and controlled in the field of a 
microscope. Sen coated the surface of a glass microneedle with metal (i) 
by silvering using Brashear’s process or (2) by sputtering in vacuum. 
Thicker coats of metal are obtained by electroplating the coated micro- 
needles. However, the metallic surface is frequently apt to rub off, which 
may introduce a considerable error in the experimental work. 

Micromagnets consisting of microneedles with soft iron cores were 
described by Taylor in the same article. 

Various accessories for purposes of measuring the pH of sap and 
minute quantities of solution have been described by Taylor and Whita-' 
ker/*^ and Dorfman.'^^ Both of these are micro-hydrogen electrodes. Dorf- 
man's is the most recent and is capable of measuring both the pH and 
Eh (aerobically of quantities as small as 0.1 c.mm. Pierce and Mont- 

Blinks, L. R. /. Gen. Physiol., 14: 139, 1930. 

^’^Ettisch, G., and P^terfi, T. Arch. f. d. ges. Physiol, 208: 467, 1925. 

Gefan, S. Univ. Calif. Publ. ZooL, 29: 453, 1927. 

Telkes, M. Am. J. Physiol., 98: 475, 1931. 

Kopac, M. J. Carnegie Inst. Wash., Papers from Tortiigas Lab., 29: 361, 1936. 

Taylor, C. V. Proc. Soc. Exp. Biol. ^ Med., 23: 147, 1925. 

®®Sen, B. Proc. Soc. Exp. Biol ir Med., 27: 310, 1930. 

'^‘Taylor, C. V., and Whitaker, D. M. Protoplasma, 3: 1, 1927. 

®^Dorl’maii, W. A. Profojb/tomfl, 25: 465, 1936. 
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gomery^»^ have designed a mi cro-quinhy drone electrode with which de- 
terminations of pH can be made on o.i c.mm. fluid or less. This instru- 
ment was used by them to determine the pH of glomerular urine of 
Necturus. 

All instruments just described are designed to be mounted on a 
micromanipulator. The microtips may be kept to the same small limits ; 

as those used in the construction of microneedles and micropipettes. They 
may therefore be controlled with the same degree of precision. For this 
type of work the Taylor micromanipulator because of its massive con- 
struction is the most suitable. 

, ' II 

These devices have been used to study the electrical properties of 
protoplasm (conductivity, electrophoresis, bioelectrical potentials, etc.) . 

Whether the use of these instruments actually eliminates the plasma 
membrane factor remains for future research to determine. 

9. Additional Accessories. Titus and Gray<^^ have described various 1 

microhooks and a microdistillation apparatus for use in conducting 
chemical experiments on microscopic quantities of matter. 

A micro-guillotine designed for breaking the tips of microneedles and 
micropipettes with considerable precision was described by Belkin.^^ 

Peterfi^^ devised a micropincette to be mounted on a micromanipu- 
lator. Two microtips are mounted in a special holder. One tip is sta- 
tionary while the opposing tip may be adjusted in the horizontal and 
vertical planes by suitable screws. This instrument (Zeiss or Bausch and 
Lomb) is very useful in handling minute objects but should be equipped | 

with flexible shafts to eliminate the vibrations occurring during ma- ; 

nipulation. ; 

Schouten’s paper^^^ should be consulted for the details regarding the i 

construction and use of microhooks and other ingenious accessories to | 

the micromanipulator. j 

1 

III. Applications of the Micrurgical Technique | 

. ■ ' j 

I. Protozoology and Embryology. Rapidly swimming forms can | 

be made temporarily motionless by means of chloretone, magnesium sul- 1 

phate, urethane, etc. Frequently shreds of cotton or lens paper spread on | 

a coverslip suffice to keep some organisms in a restricted field so that they : 

Pierce, J. A., and Montgomery, H. J. Biol. Chem., 1 10: 763, 1935. I 

Titus, R. W,, and Gray, H. LeB. Ind. Eng. Chem., Anal. Ed., 2: 368, 1930. 

Belkin, M. Science, 68: 137, 1928. |i 

®^ Handb. microbiol. Technik, p. 2471, 1923. Handb. biol. Arbeitsmethoden (Ab- 
derhalden) , Abt. v, 2: 479. Instrument supplied by Zeiss or Bausch and Lomb. 

Schouten, S. L. Ztschr. f. wiss. Mikr., 51: 421, 1934. 

... ■ 
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may be seized with the microneedles. Taylor and Farber<^^ isolated the 
ciliate, Euplotes, in a shallow hanging droplet of water. The surface 
tension was sufficient to restrain the movements of the organism. This 
is suitable only for those organisms possessing a relatively tough pellicle. 

Many protozoa and ova may be cut by free hand. However, when the 
direction of the cut is to be specially oriented or when pieces are to be 
cut the micrurgical equipment is far more accurate. One needle should 
be more or less vertical and the other should have its shaftlet bent on 
itself so that the tip is almost horizontal (p. 85) . The vertical needle is 
to hold the cell and to move it into the desired position. The horizontal 
needle is the cutting instrument. When cutting a cell in two one must 
take into account the tendency of many cells to lose their more or less 
fluid contents if their surface membrane is torn. The use of solutions 
containing calcium plus a favorable amount of potassium and sodium 
will aid in the formation of a new membrane at the torn surface.^''^ In 
the cutting process the diagonally directed shaft of the needle is raised 
into the hanging drop until its tip touches the under surface of the cover- 
slip with its shaft extending under the cell in the direction of the pro- 
posed cut. The needle is then raised still farther. Its tip remains more 
or less in position while the elasticity of the glass allows the shaft imme- 
diately back of the tip to rise and cut into the cell as the latter is pressed 
against the under surface of the coverslip. In this way the ever-deepening 
constriction in the cell eventually cuts it into two intact pieces. This 
method has been used in the study of the organization of sea-urchin ova 
by Tennent, Taylor and Whitaker. ^<5 Yoy additional details this paper 
should be consulted. 

Nuclei and other cellular organellae may be dissected out or cut with 
the microneedles. Taylor's®'^ study on the neuromotor apparatus of 
Euplotes is a classical example of the use of the micrurgical method in 
determining the function of cellular organellae. 

The following procedure is used in denucleating fresh water amebas.^® 

Two types of glass ixiicroneedles are used. One needle used in holding the 
ameba is of the reflex type (Fig. 15). The shaftlet of the removing needle has 
only one upward bend. The ameba in a hanging drop on a coverslip is mounted 
on the moist chamber and brought into the optical field. The holding needle 
is then raised and brought against the ameba, clamping it against the coverslip. 

^ Vniv, Calif , Publ. Zoo/., 26: 1^1, 1924. 

Costello, D. M. Pro/oj 5 )/asma, 17: 239, 1932. 

Tennent, D. H., et al. Carnegie /ml. Wash.j Papers from Tortugas Lah., Publ. 
591, i, 1929, 

Taylor, C. V. Univ. Calif. Puhl. ZooL, 19: 404, 1920. 

Hoi ter, H., and Kopac, M. J. In press. 
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The removing needle is oriented to bring the tip immediately below the nu- 
cleus. Then this needle is elevated so that the microtip slightly impales the 
nucleus. If this step is successful, the nucleus can be removed by moving the 
impaling needle laterally toward the margin of the ameba. Very little, if any, 
cytoplasm is lost provided the removal is done slowly. If the nucleus is removed 
rapidly, much cytoplasm is lost and in most cases the ameba will disintegrate 
completely. 

Following the successful removal of the nucleus the holding needle must be 
gently lowered and the ameba should be released before the lowering microtip 
passes through the liquid/air interface of the hanging drop. If the ameba is 
only slightly carried past this liquid/air interface complete disintegration may 
follow. This is particularly true for the delicately membraned Amoeba dubia. 

Difficulty may be experienced with organisms and ova possessing 
tough pellicles. In developing ova the investing fertilization membrane 
can be removed by sucking the still unsegmented eggs into a mouth 
pipette, the aperture of which is larger than the diameter of the egg but 
smaller than that of the fertilization membrane. The same result may be 
obtained by straining the eggs through silk bolting cloth with meshes of 
the proper size. This removes the fertilization membrane but not other 
investing pellicles which may be softened by using appropriate salt 
media. For experimental work on Arbacia eggs the reader is referred to 
an article by Harvey^^ on some of its physical constants. 

2. Cytology and Histology. During the microdissection of intra- 
cellular structures care must be taken to distinguish between the physical 
state and appearance of the structures before and after death. One must 
learn to distinguish irreversible injuries from those which are reversible. 
The observer soon learns to appreciate certain characteristics of the living 
cell, namely, a peculiar translucency of the cytoplasm and especially of 
the nucleus. The nucleus is usually the first structure to exhibit visible 
death changes. 

Chromosomes have been obtained for dissection from the pollen 
mother-cells of certain plants^^ and germ cells'^^ of insects. The pollen 
mother-cells of T radescantia are about 65^ in diameter. An anther of a 
young flower bud is crushed between two coverslips in a drop containing 
equal parts of 10 per cent saccharose and plant sap. The coverslips are 
then separated and one is inverted over the moist chamber on the stage 
of the microscope. 

The testicular follicles of insects (grasshoppers, crickets, cockroaches) 

Harvey, E. N. Biol. BtdL, 62: 141, 1932. 

™ Chambers, R., and Sands, H. C. /. Gen. Physiol., 5: 815, 1923. 

Wada, B. Cytologia, 4: 222, 1933. 

Sands, H. C. J. Gen. Physiol., 181, 1925. 

Chambers, R. In; Cowdry: General Cytology, Chicago, 1924, Sect. v. 
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are placed in a drop of body fluid or blood serum. A few follicles are 
then cut off and transferred to a coverslip where they are carefully torn 
with needles. The germ cells float out free in the drop. The preliminary 



Fio. 17. Celluloid chamber of cle Renyi. Celluloid container cemented, at one end, 
Cy to undersurface of coverslip, c.s.; cm., chloretone well; hM., well for body of tad^- 
pole; p.f^, perforated flap to hold tail against coverslip. 

teasing should be done in a moist atmosphere (see moist chamber for 
teasing, p. 77) . 

For a discussion regarding artificially made physiological fluids the 
reader is referred to a review article by Dittler.'^^ 

An ingenius contrivance for holding a living tadpole in place so that 
the cellular tissue of its tail can be experimented upon with microneedles 
has been devised by Dr. Renyi of the University of Pennsylvania (per- 
sonal communication) (Fig. 17) . Strips of thin celluloid are cemented 
together to form a well held to the coverslip at one end and with an 
extending horizontal flap at the other. By raising the flap the body of the 
tadpole can be slipped into the well which holds it snugly with the tail 
of the tadpole extending flat between the coverslip and the flap of the 
well. The flap is perforated so that when the coverslip is inverted and 
mounted on the moist chamber the under surface of the tail is exposed. 
The microneedles may then be applied to the cells and tissue comprising 
the tail. An additional well which is in communication with the well 
containing the body of the tadpole contains a drop of chloretone (1 15000) 
to narcotize the tadpole. 

For streaming protoplasm the unicellular root hairs of Trianea or 
Hydrocharis and the stamen hairs of Tradescantia are to be recom- 
mended. The protoplasts from the epidermis of the onion may be ob- 
tained for micrurgical work by using the technique described by Seifriz^^ 
and Chambers and Hofler.'^^ 

'"“Dittler, R. In: Abderhalden: Handb. biol. Arbeit. Meth., Abt. v, 1: 379, 1922. 

Seifriz, W. Protoplasma, 3: igi, 1927. 

Chambers, R., and Hofler, K. Protoplasma, 12: 338, 1931. 
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The stretched-out tongue of a pithed frog or the intestinal mesenteries 
of frogs and small mammals and the mesonephroi of amphibia offer ex- 
cellent opportunities for micro-operations. Pratt and ReicF^ use the fol- 
lowing method for working on the terminal nerve-muscle unit. A disk is 
made from a glass rod (about 4 by 5 mm.) and cemented with balsam to 
a glass plate. The tongue of a pithed and narcotized frog is everted 
and an incision is made through its mid-region as far as the retrolingual 
membrane. The preparation is adjusted so that the tongue rests on the 
plate and the disk penetrates the opening thereby supporting the mem- 
brane. The preparation is placed in a petri dish and covered with 
Ringer’s solution. Transmitted illumination is used and the tissues in 
the membrane are manipulated from the top by microelectrodes or mi- 
croneedles suitably mounted in a micromanipulator. 

3. Tissue Culture. Cells grown in tissue culture may be readily used 
in micrurgical work. Several articles have already appeared on results 
obtained from such studies and recently a detailed description of the 
special technique necessary has been given by PeterfiJ® Peterfi discusses 
the construction of a moist chamber in which manipulations are possible 
with a maintenance of a constant temperature and a prevention of in- 
fection. An adaptation of the Carrel culture tubes to this method is also 
described. 

The micrurgical method is useful in studying the chemotactic prop- 
erties of various substances in leucocytes grown in vitro. Chambers and 
Grand'^'^ used the following method in studying the attraction of leuco- 
cytes to sugar. A vertical micropipette, with an aperture of about 4/x in 
diameter and containing 5 per cent levulose, was inserted into a hanging 
drop of chick spleen culture of three to four hours’ incubation. Leuco- 
cytes, from a maximum distance of about loo^u, were seen, within a few 
minutes, to turn about and congregate at the tip of the micropipette. 
Other fluids including the non-aqueous ones may be locally applied to 
the culture with a micropipette. Solids, starch grains for example, may 
be inserted into the culture with a microneedle. 

4. Cellular Physiology. In the field of cellular physiology very 
important contributions have been made by means of the micrurgical 
technique. Solutions of various substances can be injected into the cyto- 
plasm, vacuoles or nucleus. Likewise various cellular components may 
be removed from the living cell, 

Pratt, F. H., and Reid, M. A., Science, ^2: 431, 1930. 

Veter fi, T. Arch. exp. Zell f., 4: 165, 1927. 

Chambers, R., and Grand, C. G. J. Cell. Comp. Physiol., 8: 1, 1936. 
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Some reviews of micrurgical and other work on the physical state of 
protoplasm are those of Weber,'^^ Seifriz'^^ and Chambers. 

The tearing of living cells in various solutions with a microneedle 
gives considerable knowledge about the formation of a new protoplasmic 
surface which in many cases behaves similarly to the original proto- 
plasmic surface or the so-called plasma membrane.^^ The ‘‘surface pre- 
cipitation feaction”82 has been studied in the fresh water amebas.^^ The 
amebas were torn in solutions containing calcium or strontium. The 
time necessary for a new surface to be formed was determined by ob- 
serving its formation under darkfield illumination as furnished by an 
Ultropak illuminator. 

The effect of electrolytes on protoplasm, the pH of protoplasm’^’'^ and 
the oxidation-reduction potential of protoplasm^® have been studied 
by injecting various solutions of electrolytes or dyes into living cells. 
For experiments of this kind it is essential to have a cell in which mori- 
bund changes are easily recognizable. Favorable material includes fresh- 
water amebas, ciliated cells in active movement, active muscle, marine 
ova and the root and stamen hairs of plants. 

So far the pH of protoplasm has been determined colorimetrically. 
Electrometric methods, although used, require further development. The 
comparison of color tints of injected cells with standard colors in buffer 
solutions can be done by projecting the image of the standard colors into 
the field of the microscope. Pantin^"^ describes a good method in which 
colored test tubes are placed between the source of illumination and 
the mirror of the microscope. By moving the substage condenser the 
image of the various colored test tubes can be focussed in the microscopic 
field. It is possible to use this method also by means of a camera lucida. 
The Needhams^'^s a set of microtest tubes, that is, glass capillaries 
filled with dyes and placed on the coverslip in the field of a microscope. 

A microcolorimeter devised by Vles^^ is an apparatus which casts a 

Weber, F. In Abderhalden: Handb. biol. Arbeit. Meth. 1923, Abt. ii, 2: 655. 

'^‘^Seifriz, W. Bull. at. Res. Council, No. 69, 229, 1929. Also in Alexander: Colloid 
Chemistry, Theoretical and Applied. N. Y., 1928, 2: 403. 

*^Thambers, R. In: Harrow and Sherwin’s Textbook of Biochemistry. N, Y., 1935, 
Chap. I. Also in Alexander: Colloid Chemistry, etc. N. Y., 1928, 2: 467. 

Chambers, R., and Reznikoff, P. J. Gen. Physiol, 8: 369, 1926. 

^^Heilbrunn, L. V. Arch. f. Zellf., 4: 246, 1927. 

®®Kopac, M, J. Science, 82: 70, 1935. 

®* See articles on micrurgical studies in J. Gen. Physiol, 1926 and after. 

Chambers, R., and ReznikofF, P. J. Gen. Physiol, 10: 739, 1927. 

Chambers, R. Bull Nat. Res. Council, No. 69, 48, 1929. 

Vantin, C. ¥. A. Nature, m: 81, 1923. 

Needham, J., and Needham, D. M. Froc. Roy. Soc., s. b, 99: 383, 1926. 

*^"Vles, F, Comp. rend. Soc. de biol, ^4: 879, 1926. 
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beam of light through a colored filter on a prism mounted in a special 
ocular (Nachet Cie, Paris) . The Reichert photometerocular (C. Reichert, 
Vienna) , a recent development of considerable promise, permits the 
analysis of the color of the dye injected into a cell by resolving the tint 
into the percentage content of red, blue and green. This is the additive 
method of color analysis as contrasted with the spectrophotometric 
method which is a substractive method. 

Good results are obtained by using a suitable series of pH indica- 
tors.^® Recent work has shown that the potassium salts of the sulphon- 
phthalein indicatoi'S are less toxic than the corresponding sodium salts.®^ 
The indicators are injected either alone or mixed with a balanced salt 
solution containing a ratio of K:Na:Ca of 36:4:1. The concentration 
of the indicator should not exceed 0.4 per cent. Some of the best re- 
sults have been obtained by several successive injections of a dilute 
solution of indicator until the first trace of color could be appreciated. 
A series of nitrophenol indicators®^ is also useful. By injecting living 
cells with a series of these indicators and noting the color of the dye, 
a close approximation of the protoplasmic pH may be obtained.®*^ 

Non-aqueous fluids may be injected into cells with ease. Dawson and 
Belkin®^ and Marsland®^ injected various oils into the cytoplasm of the 
fresh-water ameba and respectively determined the digestibility of these 
oils and their narcotic effect. 

By combining the micrurgical technique with the Harvey-Loomis 
centrifuge microscope®® some very interesting fields are opened. Harvey 

Cohen, B. Public Health Rep., 41: 3051, 1926. 

Kopac, M. J. Carnegie Inst. Wash. Year Book, No. 34, p. 85, 1934-35. 

Michaelis, L,, and Gyemant, A. Biochem. Ztschr., 109: 165, 1920. 

®*^The following table (see footnote 91) gives the pH values as determined on the 
mature ova of Lytechinus. 


Indicator Color in Cytoplasm Inferred pH 

Brom cresol green Blue >5-4 

Brom cresol purple Violet >6.6 

Brom phenol red Red >6.6 

Chlor phenol red Red >6.6 

Para nitro phenol Yellow 6 . 8 

Brom thymol blue Green 6 . 8 

Phenol red Yellow <6.8 

Meta nitro phenol Colorless <7.2 


The results of this investigation place the cytoplasmic pH of Lytechinus between 
6.6 and 7.0. 

Dawson, J. A., and Belkin, M. Biol. Bull., ^6: 80, 1929. 

^ MRrsla.nd, B. A. J. Cell. Comp. PhysioL, 4: 

Harvey/ E. N., and Loomis, A. L. Science, 72: 42, 1930. Manufactured by Bausch 
and Lomb. 
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and Marsland^^ measured the tension at the surface of the ameba. Their 
technique, in brief, follows: Olive or paraffin oil droplets of various sizes 
were injected into an ameba. These injected amebas were placed into 
the vessels of the centrifuge microscope. By finding the centrifugal accel- 
eration necessary to pull the globule of injected oil out of the ameba, it 
is possible to calculate the tension of the surface in dynes per centimeter. 
With similar technique, using instead oils of various densities, it is 
possible to get important data on the consistency and density of the 
cytoplasmic matrix.^^ 

The microinjection method has produced results bearing on prob- 
lems of permeability and properties of the so-called plasma membrane. 
For example, most cells including the ameba and marine ova are im- 
permeable to sulphonphthalein indicators. Yet solutions of these dyes 
when injected diffuse unimpeded through the cytoplasm and stop at the 
periphery.^^^ 

Monne^^^ studied the pei'meability of the ameba nucleus to various 
dyes. His procedure was to inject solutions of these dyes adjacent to the 
nucleus. Some dyes penetrated the nucleus while others did not. It is in- 
teresting to note that substances toxic to the nucleus of an ameba {A. 
duhia) when injected adjacent to it will cause its immediate ejection.^®^ 

Brown and SicheF^^^^ described a method for obtaining the myogram 
of an isolated skeletal muscle cell. They mounted a single fiber (isolated 
sartorius muscle fiber in frog serum) upon the tips of two glass needles, 
one needle being rigid, while the second, the microlever, was flexible 
so that the tip was free to move when the muscle contracted. The needles, 
controlled by a micromanipulator, are held in the field of the micro- 
scope. By means of a suitable optical system, the image of the microlever 
was projected on the slit of a recording camera. The muscle cell was 
stimulated by break induction shocks applied by Ag/AgCl micro- 
electrodes. Sicheh^^ described a method for calibrating the glass micro- 
levers where it has been determined that the displacement of the tip 
of the lever is a linear function of the force applied. 

5. Technique of Sub-cooling Cellular Tissues. The technique of 
sub-cooling cellular tissues and subsequently inducing the formation of 
ice crystals within cells is offering a promising field for the detection 

Harvey, E, N., and Marsland, D. A. /. Cell. Comp. Physiol., 2: 75, 1932. 

"^n Butyl phthalate has a density of 1.0465. 

Work now in progress in this laboratory. 

Chambers, R. J. Gen. 5: 189,1922. 

h. Proc. Soc. Exp. Biol. Med., ^2: 1197, ^935 

2,4 Dinitrophenol induces this phenomenon. 

Brown, B. E. S., and Sichel, F. J. M. Science, 72: 17, 1930. 

^®^Sichel, F. J. M. J. Cell. Comp. Physiol, 5: 21, 1934. 


TECHNIQUE FOR CELLULAR PHENOMENA 


105 


of intraprotoplasmic structures. Work of this nature has been done^®^ in 
a room which can be cooled to a temperature at least several degrees 
below that required in the hanging drop containing the suspension of 
cells. The cells to be operated upon are mounted on a coverslip in a 
hanging drop enclosed within a drop of paraffin oil. The coverslip is 
supported on three or four posts on a slide mounted on the mechanical 
stage of the microscope with the micromanipulator. 

A good method of enclosing the drop with oil is as follows: 

A drop of fluid containing the cells is placed on a coverslip and most of the 
fluid withdrawn with a lip pipette. A ring of paraffin oil is now placed about 
the drop and a relatively large drop of oil deposited on the center in such a 
way as to touch the ring and imprison the drop containing the cells. The prep- 
aration is now transferred to the low temperature room where the microscopic 
equipment should have been set up preferably the day before. 

A few snow crystals are deposited close to the oil drop and freezing 
of the drop containing the cells induced by pushing a crystal through 
the oil into the drop. Freezing of the interior of the cells is induced by 
inserting the tip of a micropipette previously filled with water and 
frozen by touching the tip to a snow crystal. A single junction thermo- 
couple may be used for determining the temperature of the hanging drop. 

6. Isolation of Microorganisms. Among the first to devise me- 
chanical contrivances for isolating bacteria are Schoutend^^ and Bar- 
ber.i*^'^ It was the Barber’s pipette holder which first opened up the 
possibilities of microdissecting and injecting living cells. 

For those who are interested in the technique of isolating bacteria, 
reference is made to the articles of Schouten, Barber, Kahn,^^^ Cham- 
bers,^^^ and Wright.^^® A more recent review of this technique is that 
of Reyniers.m The first four references deal with the use of a single 
pipette holder. Wright advocates the use of a double micromanipulator. 
Wright’s procedure, in brief, is as follows: 

One pipette is filled with the dilute suspension of the organisms from a 
young liquid culture. The second pipette is filled with sterile broth. With the 
first pipette minute droplets are blown on the undersurface of the roof of the 
moist chamber. As soon as a droplet is found which contains only a single 
organism the second pipette is immediately brought into the field and the drop- 

Chambers, R., and Hale, H. P. Proc. Roy. Soc. Lond., s. b, 110: 336, 1932. 

Schouten, S. L. Konigl. Akad. Wetensch., Amsterd. Proc. Sect. Sc., 13: 840, 1911. 

Philippine J. Science, b, 9; 307, 1914. Rev. in Ztschr. f. wiss. Mikr., 32: 82, 1915* 

Kahn, M. C. J. Inf. Dis., 344, 1922. 

Chambers, K. J. Pact., S: 1, 1922. 

Lab. & Clih. Med., 12: 3, 1927. 

ui Reyniers, J. A. /. 26: 251, 1933* 
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let sucked in. This pipette is now removed from the apparatus and the inocu- 
lation made on an agar slant or a fluid culture medium. 

7, Additional Applications, (a) Colloidal Chemistry. Freundlich 
and Seifrizd^^ applied the technique of Heilbronn^^^ to measure the elas- 
ticity of sols and gels: 

A very small nickel particle is placed with a micropipette into the substance 
under investigation. A powerful electromagnet is mounted close to the prepara- 
tion. By applying a current the pellet is attracted toward the magnet. On re- 
lease of the current, the particle returns to its original position. The distance 
traveled by the particle is measured with an ocular micrometer, and if it re- 
turns to its original position the distance serves as an index of elasticity. This 
technique was developed also for determining the elasticity of thin colloidal 
solutions. 

The micrurgical method should lend itself to many problems of col- 
loidal chemistry, particularly those dealing with the properties of sur- 
face films, et cetera. For example, Hauser^^^ reports the use of the micro- 
manipulator in studying the structure of the latex particle of rubber. 

(b) The Study of Fibers. Rabinowitsch^^^ in studying the micro- 
structure of simple ramie nitrate fibers used a micromanipulator needle 
to separate the fibrils. Seifriz and Hock^^^» by this means have studied 
the structure of other cellulose fibers. 

Single fibers may be studied in polarized light for purposes of deter- 
mining the change in orientation of the molecular components follow- 
ing stretching. Ramie nitrate fibers treated with a mixture of ethyl 
malonate and cyclohexanone will swell and thereby show transverse 
striations which are visible under crossed nicols prisms. Also the isolated 
fibers may be placed in solvents and other organic media so that swelling 
and other phenomena may be observed. 

(c) Enzymatic Cytochemistry. To the enzyme chemist the living cell 
is an important object of study because (1) the cell is a producer of en- 
*zymes and (2) many enzymatic processes take place in the cell. The study 

of endoenzymes, particularly those of the peptidase group, are of extreme 
interest. Recently the development of apparatus and methods by Linder- 
str0m-Lang and Holter^i'^ has made possible the study of peptidase ac- 
tivity of single cells on a quantitative basis, 

Freundlich, H., and Seifriz, W. Ztschr. physik. Chem,, 104: 233, 1923. 

Heilbronn, A. Jahrb. wiss. Bot.y Qi: 284, 1922. 

Hauser, E. A. Ind. Eng. Chem., 18: 1146, 1926. 

Rabinowitsch, B, Xo/Zo/dz., 57: 203, 1931. 

Seifriz, W., and Hock, C. W. Paper Trade J., 102: 36, 1936. 

Comp. rend. Lab. Carlsberg, 19: No. 4, 1931. 


TECHNIQUE FOR CELLULAR PHENOMENA 


107 

For the study of this activity on cellular material the following pro- 
cedure is used: 

A small tubular vessel, sealed at one end and of about 250 c.mm. capacity 
is used for the reaction and titration. Into this is placed 4 to 7 c.mm. of glycerine 
and water to which is added the material under investigation. After a suitable 
time (usually thirty to sixty minutes) 7 c.mm. of substrate is added to this. By 
this time the cell should be completely cytolyzed. The substrate most commonly 
used is a 0.2 molar solution of alanyl-glycine. The resulting mixture is stirred 
electromagnetically and placed in a water bath thermostatically controlled to a 
temperature of 40° c. After twenty-four to forty-eight hours the digestion of 
the substrate is stopped by adding about 30 c.mm. of 0.05 N HCl in acetone. 
To this is added 150 c.mm. of an acetone solution of naphthyl red which is 
used as an indicator. The titration is completed by adding known amounts (with 
a microburette) of 0.05 N alcoholic HCl until a constant pH value as indicated 
by the color of the dye is reached. The color standard used has the same dimen- 
sions as the reaction vessel. The cleavage of the substrate is determined as 
cubic millimeters of HCl necessary to complete the titration. For details regard- 
ing the pipettes, bruettes and apparatus for stirring, the papers by Linderstr0m- 
Lang and Holter should be consulted. 

This new technique may be used to determine the location of vari- 
ous endoenzymes. So far only the peptidase systems have been studied. 
Many workers are of the opinion that enzymes or the loci of enzymatic 
activity are closely associated with mitochondria, neutral red staining 
granules and other cytoplasmic components. In the work of Linder- 
strj^m-Lang,i^s Holter^i^ and Holter and Kopac, the evidence seems to 
indicate that as far as the peptidase system is concerned the activity is 
not associated with cytoplasmic inclusions but rather with the cyto- 
plasmic matrix. 

Holter and Kopac^^^ performed the following experiments on amebas 
to determine what role, if any, the various granules (neutral red and 
Janus B staining) and crystals play in the peptidase activity. The amebas 
were transferred to a small centrifuge tube which was previously half 
filled with a 2 per cent solution of Zulkowsky's soluble starch. The starch 
solution because of its density serves as a pycnotic cushion for the amebas 
while they are centrifuged. It was found that stratification of the various 
inclusions could be accomplished by centrifuging at 2000 r.p.m. for five 
minutes and then at 7500 r.p.m. for ten minutes. The amebas become es- 
sentially ellipsoidal and all granules, crystals and other dense compo- 

Linderstr0m-Lang, K. Comp. rend. Lab. Carlsberg, 19: No. 13, 1933. 

Holter, H. /. Cell. Comp. Physiol., 8: 179, 1936. 

See footnote 68. 
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nents collect at the centrifugal pole. Lipid components collect at the cen- 
tripetal pole. 

Amebas recover rapidly after removal from the centrifuge tube caus- 
ing a redistribution of the previously stratified cytoplasmic inclusions. 
Doyle^^i reported that this redistribution is retarded if the amebas are 
chilled: ! . ; 

A moist chamber was made of duraluminum and designed so that a fluid 
could be circulated through its walls. A freezing mixture consisting of a con- 
centrated salt solution and crushed ice (temperature about — io° c.) was used 
to cool the moist chamber. The temperature of the hanging drop was kept 
near o° c. Immediately after the centrifuge tube containing the amebas was re- 
moved from the centrifuge, it was placed in a freezing mixture (temperature 
about —3° c.). The centrifuged and chilled amebas were transferred to cover- 
slips with a mouth pipette. A coverslip was then placed on the special moist 
chamber. 

This procedure delayed streaming in the ameba for several minutes. 

The centrifuged amebas were cut with two microneedles to separate 
the centrifugal and centripetal portions. The microtips were crossed 
(initially arranged as in Fig. 15) and resembled a pair of tiny scissors 
in the microscopic field. The tips and ameba were pressed against the 
coverslip and by moving the tips longitudinally (a type of scissors ac- 
tion) , the ameba was cut. Immediately thereafter a photograph was taken 
so that a record might be available for volumetric estimations. Then the 
coverslip was removed from the moist chamber and the two portions 
were transferred to separate reaction vessels in which 7 c.mm. of phos- 
phate buffer (pH 7.4) was previously placed. One hour later, 7 c.mm. 
of substrate was added, the contents of each vessel thoroughly mixed and 
finally the vessels were placed in a water bath at 40^0. The digestion 
period varied from eighteen to twenty-four hours. The amount of split- 
ting of the substrate was determined by titration (see p. 107) . 

Mr. C. G. Grand of this laboratory has taken a large part in developing and 
improving the micrurgical technique, and we appreciate the unselfish interest of 
Mr. Henri Dumur, Mr. Ludwig Leitz and Professor M. Berek of Wetzlar whose 
engineering resources have made possible the development of the various optical 
and mechanical instruments necessary in our work. 

Doyle, W. L. Collecting Net, 8: 80, 1933. 
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Table I 


Taper 

Size 

Diameter of 
Shaftlet 

Diameter of 
Microtip 
at Base 

Length of 
Microtip 

Diameter of 
Opened Tip 


f Coarse 

35 M 

8 At 

60 At 

2-5 At 

Quick 

\ Medium 

10-15 M 

3 At 

35 At 

34~2 At 


[Slender 

6-10 At 

2 At 

10-20 At 

3^-1 At 



Diameter of Shaftlet 





30 Ai from Micro tip 




[ Coarse 

5 M 



Gradual 

^ Medium 

3 M 




[Slender 

2 /JL 




Table giving actual sizes of the two serviceable types of microneedles, the quick taper 
(cf. Fig. 12 c) and the gradual taper (cf. Fig. 12 d), classified as coarse, medium and slender. 
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Nathan Chandler Foot, m.d. 

Introduction no. Routes of injection no. Types of material used ni. Specificity 
of vital dyes in. Applicability of vital staining 112. Technique of vital staining 
113. Fixation of vitally stained tissues 116. Combinations of vital stains 116. 

I. Introduction 

The terni “vital staining’' is somewhat misleading; “vital” it certainly 
is, being performed mini vitam, but it is hardly “staining” in the usual 
sense of that word. If the reader expects to obtain diffuse cytoplasmic 
and precise nuclear coloration by this method, as one would with the 
more usual technique, he will be disappointech Vital staining applies 
to a specific coloration of the cytoplasm of certain cells, chiefly those of 
the “reticuloendothelial system” and, so far as we are concerned, consists 
of a process of ingestion of particles, either solid or colloidal, by these 
cells. There has been much speculation as to how the cytoplasm becomes 
vitally stained. Hypotheses have been advanced in favor of a specific 
affinity of preexisting granules in the cytoplasm for these dyes, of the 
filling of vacuoles by the particles of coloring matter, or of a simple 
process of phagocytosis of particulate or colloid material. It is unim- 
portant to us which of these is the true solution of the problem, although 
the last two are probably nearer the truth than is the first. 

In employing vital stains, the syringe and needle are the only appa- 
ratus needed. Naturally, aseptic technique is imperative. In using these 
stains intravenously an added precaution is necessary since one must 
guard against the presence of particles, or clumps of coloring matter 
large enough to form emboli in the capillary vessels. The use of normal 
salt solution as a suspending fluid is usually absolutely interdicted, par- 
ticularly if benzidine dyes or other colloidal suspensions are to be em- 
ployed, because it clumps the particles and brings about vascular occlu- 
sion with results that are usually as prompt as they are fatal. 

II. Routes of Injection 

Vital dyes may be injected into any part of the body, depending upon 
what is desired; they are usually used: i. Intravenously, 2. Intraperi- 
toneally, or 3. Subcutaneously. The dosage in the last two methods is 
of less importance than in the first; rather large doses are necessary to 
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bring about complete results in their case, while smaller doses are needed 
with intravenous administration. These are the common routes, but vital 
dyes may be injected into other cavities or systems o£ the body i£ so 
desired, such, for instance, as the pleural sac or the trachea. 

III. Types of Materials Used 

The substances used £or vital staining may be divided into £our chief 
classes: 

1. Simple suspensions of particulate material, such as lampblack, 
India ink, carmine, indigo carmine, graphite, metals, etc. 

2. Colloidal suspensions of similar substances, Higgins’ ink, lamp- 
black and gelatin, lithium carmine, etc. 

3. Colloidal suspensions of silver or gold, or their salts, particu- 
larly albuminates such as protargol, argyrol. 

4. Colloidal suspensions of various benzidine dyes, such as trypan 
blue, Niagara blue, isamin blue, pyrrhol blue, trypan red, Janus green, 
etc. 

The choice of one of these depends largely upon the desire of the 
experimenter and the nature of the experiment to be performed. Some- 
times one method, sometimes another, will prove most satisfactory; they 
may often be combined, as in the instance of experiments to determine 
the origin of the “dust cells” of the lung, where one dye was injected into 
the trachea and the other through the blood stream.^ Sometimes it is 
merely a question of convenience, some dyes being readily available, 
while some are not. 

IV. Specificity of Vital Dyes 

1. Phagocytes. If one desires to stain the phagocytes, almost any 
one of the above mentioned materials may be used, injected either di- 
rectly into the immediate vicinity of the cells, or into the peritoneum, 
pleural cavity, or vascular system. The phagocytes comprise several types 
of cells that have been given a variety of names, according to their mor- 
phology-endothelial leucocytes, monocytes, clasmatocytes, histiocytes, 
etc., etc. 

2. Leucocytes. Many of the dyes (particularly colloidal carbon) 
will, when injected intravenously be taken up by the monocytes; the 
polymorphonuclear leucocytes rarely ingest any but the benzidine dyes 
and they do this usually only under circumstances indicating stagnation 

^ Permar, H. H. /. Med. Research, 52: 9, 1920. 

Foot, N. C. J. Exper. Med., 32: 533, 1920. 
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of the circulation. They are sometimes seen stained in thrombi or in 
pneumonic exudates, for example. In this instance, however, the dye 
stains the granules of the leucocytes quite brilliantly, which points to a 
difference in the staining mechanism and suggests that its entrance into 
these cells is not purely a matter of ingestion. Lymphocytes and erythro- 
cytes do not -stain with these dyes. 

3. Connective Tissue. The fibroblasts are sometimes vitally stained, 
taking up most of the materials enumerated if given sufficient time. 
There are various ways of explaining this, but they would lead us far 
afield. 

4. Vascular Endothelium. As a rule, this is not stained by the dyes 
we have already discussed, with the exception of colloidal carbon in 
suspension, as in Higgins’ ink. Sometimes, in cases of stagnation, it may 
become colored by other materials, but this is unusual. Inflamed vascular 
endothelium is regularly impregnated by colloidal carbon and this fact 
is often overlooked; swollen, inflamed endothelium probably becomes 
sticky and the carbon particles adhere to its surface and gradually be- 
come taken up by the cytoplasm. The Kupffer cells are regularly stained 
with all of the vital dyes, a fact that tends to support the contention that 
they differ somewhat from ordinary vascular endothelium. 

5. Epithelial Cells. Vital stains sometimes enter epithelial cells to 
a rather marked extent. If the staining be pushed beyond certain limits 
almost any of these substances will find their way into the liver cords. 
The benzidine dyes and lithium carmine, which are regularly excreted 
through the kidneys, stain the epithelium of the convoluted tubules. 
Otherwise the vital dyes do not appear in epithelium with any regularity. 

Other Tissues. The various tissues of the body not already enu- 
merated, do not become stained with these pigments or dyes. 

V. Applicability of Vital Staining 

This method is of the greatest value in investigating the phagocytic 
cells of the body, wherever they may be situated; the reticuloendothelium 
is readily identified by means of lithium carmine or the benzidine dyes, 
as are the histiocytes, or wandering connective tissue cells. The vascular 
endothelium may be investigated and identified by means of colloidal 
suspensions of carbon. The excretory and absorptive areas of the kidney 
epithelium may be mapped out by employing lithium carmine.^ As the 
bone marrow contains such reticuloendothelium and many phagocytic 
cells, it may be vitally impregnated with colloidal carbon, become quite 
black and opaque, and its distribution in cancellous tissue be studied in 

® Suzuki, T. Nierensekretion, Jena, 1912. 
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three dimensions by clearing the bone by the Spalteholtz method.^ The 
benzidine dyes may be used in embryology to study the absorption of the 
amniotic, or other fluids, by introducing them into the proper sacs.^ 

VI. The Technique of Vital Staining 

1. Particulate Matter. Various particulate substances and pigments 
may be suspended in distilled water, filtered through coarse filter paper 
to remove the coarser granules, sterilized and used for injection into the 
vascular system, body cavities, or subcutaneous tissue. Heidenhain 
(Schmorl cit., 19^1) recommended a 0.4 per cent suspension of indigo 
carmine for intravenous injection, 35 c.c. to 60 c.c. being administered to 
rabbits, 150 c.c. to 1500 c.c. to dogs, according to their size. For intra- 
peritoneal, intrapleural or subcutaneous injection the amount depends 
upon the size and species of the animal used and should be determined 
by experimentation, Karsner and Swanbeck® used suspensions of carmine 
or lampblack for intrapleural injection in cats in amounts varying from 
15 c.c. to ^5 c.c. For subcutaneous injection the capacity of the areolar 
tissue to take up the dye is the best indication of the amount to- be used, 
and this varies with the location-very little can be injected into the 
external surface of a rabbit’s ear, but a good deal can be injected under 
the loose skin of the back. Any insoluble pigment may be used. Slav- 
jansky^ employed double injections (vascular and intratracheal) of par- 
ticulate indigo and cinnabar as early as 1869. 

Drinker and Shaw^'^ have introduced a method of using suspensions 
of fine particles of manganese dioxide in acacia water for investigating 
the phagocytic power of the endothelium of various organs in different 
animals; the manganese is injected and then each organ is assayed about 
one hour later, to determine its manganese content. The particles may be 
seen under the microscope, in the endothelial cells, but this is a chemical 
test, rather than a staining method and the reader is referred to their 
article for further details. 

2. Colloidal Suspensions of Particulate Matter. Particulate mat- 
ter may be rendered colloidal by suspension in solutions of acacia or 
gelatin, when it becomes more precise in its action and acquires an affinity 

Wislocki, Ci. B. Bull. Johns Hopkins Hasp., 32: 132, 1921. 

^Wislocld, G. B. Bull. Johns Hopkms Hosp., 32: 93, 1921- 

® Schmorl, G. Die pathologisch-histologischen Untersuchimgsmethoden, Leipzig, 
Ed. 10-11, 1921. 

“ Karsner, H. T., and Swanbeck, C. E. J. Med. Research, 91, 1920. 

Slavjansky, K. Virchow's Archw. f. path, Ancit,, 48: 326, 1869, 

® Drinker, C. K., and Shaw, L. A. J. Exper. Med., 33: 243, 1921. 
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for the monocytes and vascular endothelium. This is particularly time of 
colloidal carbon because particulate carbon, unaided by any emulsifying 
agent, is cpiite unsafe for this purpose. This should always be borne in 
mind. 

Higgins Ink, Higgins’ waterproof black drawing ink, which is (in 
all probability) a suspension of finely-divided carbon in acacia water, 
with a little camphor as a preservative, is the most readily available col- 
loidal carbon for laboratory use. It is necessary merely to dilute it with 
an equal volume of sterile distilled water in a sterile test-tube and it is 
ready for use. It is well to warm it to body temperature before injecting 
it. The average intravenous dose for rabbits is 5 c.c., repeating this daily 
for three or four days and then every three days thereafter. The ear is 
shaved, rubbed with alcohol and a marginal vein used as the most acces- 
sible site for injection. If the vein be too small to be entered readily by 
the needle, a little xylol rubbed over the skin will cause the veins to 
become congested and easily entered; of course, a little practice is neces- 
sary. Injections should be begun near the tip of the ear and each subse- 
quent injection should be given a short distance nearer the head, and the 
direction of the blood stream; this makes it possible to use the same vein 
several times before it becomes thrombosed. A sharp needle, introduced 
as short a distance as possible into the lumen of the vein, is an added 
precaution against thrombosis; do not injure the endothelium if it can 
be avoided. The use of this ink was introduced by George Wislocki of 
the Johns Hopkins Medical School, where it has been in use by various 
investigators. 

Colloidal Lampblack. If one desires to make up colloidal carbon 
suspensions in the laboratory, this may be done by Mcjunkin’s method.^ 
Grind up a good quality of commercial lampblack in a mortar for half 
an hour and add 0.4 gm. of this to too c.c. of distilled water that con- 
tains 2 per cent gelatin. Sterilize and use as in the case of Higgins’ ink. 
The gelatin may be used in 1 per cent suspension and a small 
quantity of this added to 5 gm. of lampblack, little by little as the latter 
is ground to a fine paste (Simpson, 19^2^^) . This is then made up to 100 
c.c. with 1 per cent gelatin suspension. Mcjunkin advises administering 
5 c.c. to 9 c.c. of 10 per cent sodium citrate solution at the same time the 
carbon is injected, claiming that he thus produces an added specificity 
and affinity of the monocytes for the carbon. 

Both of these methods are specific for monocytes and for vascular 
endothelium, particularly in inflamed areas. Ordinary particulate sus- 
pensions will not be taken up in the same way. It has been noted by 

® Mcjunkin, F, A. Arch: Int. Med., 21: 59, 1918. 

Simpson, M. J. /. Med. Research, 43: <77^ 1922. 
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Lang that colloidal suspensions of carbon become agglutinated when 
mixed with blood, thus becoming “ common suspension of rather coarse 
carbon particles.” Be this as it may, the effects of injected particulate 
carbon are quite different from those of colloidal carbon. For a full dis- 
cussion of this subject, the reader is referred to papers by Lang^^ and 
Wislocki.i2 

Lithium. Carmine. This is a colloidal suspension of carmine, first 
devised by Ribbert (Schmorl, p. 113) for studying kidney function, and 
largely employed and popularized by Suzuki (p. 112), Aschoff and 
Kiyono,^^ and Kiyono.^^ A concentrated suspension of carmine rubrum 
optimum (5 gm.) in cold saturated lithium carbonate is filtered and 
sterilized and 5 c.c. to 10 c.c. injected intravenously, in the case of rab- 
bits. It must be slowly administered. It is well tolerated by most animals, 
but has been found very toxic in one species, the Japanese waltzing 
mouse and its hybrids. This should be taken into account if that ani- 
mal is the subject of experimentation. 

3. Colloidal Suspensions of Silver and Gold. Protargol was used 
intravenously by Askanazy,!'"^ Miller,^^ and others at one time. Simpson 
has employed “red gold” (40 per cent gold in 60 per cent sodium lysal- 
binate) , for staining the monocytes and Kupffer cells. These substances 
present no advantage over the other methods and have not gained enough 
popularity to warrant a discussion or description in this section. Refer- 
ences have been supplied. 

4. Colloidal Suspension of Benzidine Dyes. Vital staining with 
these substances was first discovered by Goldmann,^'^ who obtained them 
from Ehrlich’s laboratory. They were introduced into the United States 
by H. M. Evans^*^ who employed them in a number of investigations. 
Their chemistry is fully discussed in an article by Evans and Schule- 
mann.^^ 

As already stated, there are a number of these dyes, most of which 
are more or less toxic, so that it is best to limit oneself to those of proved 
worth, namely trypan blue and its American prototype Niagara blue 2b. 
(N.A.C. Co. Buffalo, N, Y.) , both of which are as nearly innocuous as 
foreign material introduced into the circulation could be. 

^VLang, F. J. Arch. Pathol., i: 41, 1926. 

Wislocki, G. B. Am. J. Ajiat., 32; 423, 1924. 

Aschoff, L., and Kiyono, K. Folia Haematol, 6: 213, 1913. 

Kiyono, K. Die vitale Kanninspeiehei'iiiig, Jena, 1914. 

“ Askanazy, M. Aschoff’s Pa thologische Anatomic, Jena, 1923, i, 183. 

Miller, J. Beitr. z. path. Anat. xi. z. allg. Path., ^\ : 347, 1902. 

^Hioldmann, E. E. Beitr. z. klm. Chir., 44; 192, 1909; 78: 1, 1912. 

Evans, H. M. /Dn. /. Fffysm/., 37: 243, 1915. 

Evans, H. M., and Schiilemann, W. Science, N. Y., n.s., 39: 443, 1914. 
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For use, they are dissolved (suspended) in sterile distilled water, i gm, per lOo 
c.c. and used immediately, for it is unsafe to use electrolytes, such as normal saline 
or Ringer’s solution, and it is dangerous to allow the suspensions to stand for 
more than an hour or so, for they are apt to become agglutinated and become 
highly toxic. They may be used intravenously, subcutaneously, or injected into 
body cavities; the dosage for subcutaneous administration in rabbits, is i c.c. per 
20 gm. body weight; for intraperitoneal injection, lo c.c. to 15 c.c,; for intra- 
venous administration, 5 c.c. to 10 c.c., slowly injected. The suspension should be 
brought to body temperature before injection. The day following the injection 
the skin takes on a distinctly bluish tinge and, if the injections be repeated sev- 
eral times, the animal becomes quite blue, skin and mucous membranes having 
become deeply stained, and excretes bright greenish-blue urine. If a red dye be 
preferred, lithium carmine may be used, or trypan red; but the latter is distinctly 
more toxic than trypan blue and should be administered at half the concentra- 
tion of that dye. 

VII. Fixation o£ Vitally Stained Tissues 

For material stained with particulate material and the colloidal sus- 
pensions of carbon or metals, any fixation is appropriate, but if lithium 
carmine or the benzidine dyes have been used, they will lose in intensity 
if Zenker’s fluid be employed for fixation, on account of the acetic acid 
it contains. Neutral 10 per cent formalin (4 per cent formaldehyde) un- 
doubtedly gives the best results. If a chromium fixative be desired, how- 
ever, Helly’s solution (Muller’s fluid 90 per cent, strong neutral— 40 per 
cent formaldehyde— formalin 10 per cent) gives excellent results, although 
there is some paling of the blue dyes which become slightly greenish. 
The material is most satisfactorily cut in paraffin, although frozen sec- 
tions or celloidin sections give good results. 

VIII. Combinations of Vital Stains 

As might be supposed, it is possible to combine two or more types of 
vital stains if so desired. For example, one may inject colloidal carbon 
intravenously and administer Niagara blue intraperitoneally at the same 
time, using lithium carmine intrapleurally if so indicated. Some cells 
will ingest one dye, some another and others (the endothelial phago- 
cytes, for example) may take up all three. The histiocytes or reticulo- 
endothelial cells tend to take up the benzidine dyes and lithium carmine 
quite early, the carbon appearing later; or, a dye of one color may be 
administered intravenously and one of another hue given intratracheally, 
for experiments on the pulmonary circulation, etc. The experimenter 
may thus devise a number of useful combinations. 
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Supravital dyes 117. Methods of staining 118. Applications of supravital 
stains 122. 

I, Supravital Dyes 

The supravital technique is based on the discovery that certain dyes 
penetrate living cells and stain specific materials within them. These 
dyes enter cells in solution and thus are not phagocytosed as particulate 
matter. They are therefore not like the so-called vital dyes, which, when 
injected into the living animal, demonstrate the power of certain cells to 
phagocytose particles. However, in as much as some of the dyes used in 
the supravital reaction are segregated by the cell into its vacuoles of 
digestion these dyes may also be used to study the activities of phago- 
cytic cells. A prime essential for the supravital dyes is that they should 
not damage cells appreciably in the concentrations used. When cells 
are killed by these dyes, both nucleus and cytoplasm are stained alike 
and uniformly and hence the result is much less distinctive than that 
following the use of dyes on fixed tissues. 

Of the dyes used for supravital staining there are two groups; the 
first, of which vital neutral red^ is a type, reacts to several different 
kinds of substances within cells; the second, of which Janus green is rep- 
resentative, responds to one substance only. Of all the dyes so far tested, 
neutral red and Janus green have proved to be the most useful. Neutral 
red is the least toxic of all and has the advantage of being a chemical 
indicator within certain limits. Its color toward the acid end of its range, 
about pH 6, is a scarlet red; while toward the alkaline end, it becomes 
orange, and at pH 8 is a clear yellow. 

I. Dyes Reacting to Several Substances. In this group, there are 
a number of different dyes, all of them weak bases,- methylene blue GG, 
azure, brilliant cresyl blue, and neutral red, A supravital dye can be 
made by diluting the Wrighfs methylene-blue-azure used for staining 
fixed films of blood and obtaining from it a dry film. It is, however, less 
useful than neutral red. 

^ Conn, H. J. Biological Stains. Geneva, N. A'., 1925. 

Phillips, M., and Cohen, B. Stain Technol., z: 17, 1927. 

® Irwin, M. J. Gen. Physiol., 10: 75, 1926-27. 
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It was shown by CampbelF in 1886-88 that the nuclei of certain plant 
cells could be stained supravitally with mauve in, methyl violet and 
dahlia without interfering with cell division or with cytoplasmic stream- 
ing; but with the cells of animals, staining of the nucleus or of the basic 
cytoplasm with any of the dyes yet known must be taken as an indica- 
tion of too great a damage to the cell and as vitiating the method. 

Neutral red reacts to four different types of intracellular materials: 
First, certain granulations which are the products of cytoplasm. These 
are the specific granulations of the white blood cells, neutrophilic, baso- 
philic, eosinophilic, pseudoeosinophilic or heterophilic, and ampho- 
philic, together with certain of the secretory granules, for example those 
of the islet cells of the pancreas.^ Second, this dye is concentrated by the 
phagocytic cells into the vacuoles of digestion. Within these vacuoles 
some of the dye may become absorbed by the phagocytosed material. 
Third, the dye demonstrates the canalicular apparatus of the parietal 
cells^ of the gastric mucosa.^ Fourth, the basophilic substance of young 
red cells is precipitated by neutral red, as well as by brilliant cresyl blue, 
into the so-called reticulation. 

2. Dyes Reacting to One Substance. Of the dyes of the second 
group, vital Janus green, which stains mitochondria only in the living 
cell, is the best known. Bensley (1911-12) has shown that pyronin, 1 to 
1000, is specific to bring out the blind ducts of the islets of the pancreas 
and that methylene blue, injected in the concentration of 1 to 10,000 
into the blood vessels of the pancreas, brings out characteristically the 
centroacinar cells. The number of these specific vital reactions of special 
dyes will undoubtedly be greatly increased with further experimentation. 

IL Methods of Staining 

I. Preparation of Dry Color Films. Supravital staining of living 
cells can be obtained in two ways, either by placing cells on slides which 
have a dry film of stain upon them, in which case the stain is dissolved 
by the natural fluids which surround the cells, or by dissolving the dyes 
in physiological saline and injecting the solution into the blood vessels 
of an animal under ether or immediately after death. Both methods have 
their specific uses. 

Dry films of brilliant cresyl blue were used by Levaditi® in igoi, 
but in concentrations that killed the cells. The technique of the dry 

® Campbell, D. H. Untersiich. a. d. botanischen Inst, zu Tubingen, 2: 569, 1886-88. 

i Bensley, R. R. ^m. 7. 12: 297, 1911-12. 

^Harvey, B. C. H., and Bensley, R. R. Biol. Bull., 23: 225, 1912. 

®Levaditi, C. /. d. physiol, e. de path gdn., 3: 424, 1901. 
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color films for true supravital staining of cells was fully developed by 
Simpson'^ in 1921, and by Sabin^ in 1923. The method was also de- 
scribed by Forkner^ in 1930. They used both vital neutral red alone and 
neutral red in combination with Janus green. This technique of dry 
films of stain on the slide on which cells are to be placed has the advan- 
tage of allowing the cells to be studied in their own fluids. 

The first requisite is to have stains which are true vital dyes. In 
1927, Dr. Max Phillips and Dr. Barnett Cohen, of the Hygienic Labo- 
ratory, United States Public Health Service, Washington, D. C., pub- 
lished a study of the methods of preparing neutral red iodide, which is 
the preparation of this dye used for supravital staining. The Janus 
green which stains mitochondria in living cells is diethylsafranin, as 
shown by Cowdry.^^ In as much as cells are sensitive indicators of varia- 
tions in vital dyes, it is necessary that each sample of the dye manu- 
factured should be carefully tested and this matter has been taken over 
by the Commission on Standardization of Biological Stains, of which 
Dr, H. J. Conn^^ of the Agricultural Experiment Station, Geneva, New 
York, is the Chairman, Under his direction, samples of both neutral 
red and of Janus green to be used as vital dyes are tested against living 
cells before they are put on the market.!^ In buying these dyes it should 
be ascertained that they have been so certified. 

The stains used for the dry film method are dissolved in absolute 
alcohol, flooded onto the slides, and left as a dry film by a complete 
evaporation of the alcohol. The slightest acidity in the alcohol makes 
the dyes worthless for the staining of living cells; the alcohol must there- 
fore have been distilled from lime and the neglect of this precaution has 
been responsible for many failures with the technique. 

The solutions to be used for making the films are so dilute that it is 
convenient to make them from stock saturated solutions, in order to 
avoid weighing out very small quantities. We use 125 mg. of the neutral 
red iodide to 50 c.c. of neutral absolute alcohol, and 125 mg. of the 
Janus green to 62.5 c.c. of the alcohol. In this strength there will be a 

'^Simpson, M. E. Univ. CaL Pitb. in Anat., 1: 1, 1921. Anat, Rec., Froc. Arner. Assn. 
AnaL, 21: 82, 1921. 

® Sabin, F. R, 7o/m5 34: 277, 1923. 

® Forkner, C. E. J. Exp. Med., 52: 379, 1930. 

Phillips, M., and Cohen, B. Stain TechnoL, 2: 17, 1927. 

Cowdry, E, V. Carnegie hist, of Washington, Pub. No. 2yi. Contrih. to Ernbryol., 
8:39,1918. 

Conn, H, J, Stain Technology, 9: 81, 1934. 

^ Such certified stains can be obtained from the National Aniline and Chemical 
Company, New York City. Hynson and Westcott, Baltimore, Md., also supply certified 
vital stains. 
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few granules of the dye on the bottom of the bottles and care must be 
used not to stir them into the solution. These solutions should be kept 
in glass-stoppered bottles, preferably stoppered with glass pipettes. The 
utmost care must be used not to let the dye run into the rubber nipple. 

The dilute solutions should be made only in small quantities, not 
more than 5 or lo c.c. at a time, for the slightest dust or grease intro- 
duced will spoil the whole sample. To make the dilute neutral red solu- 
tion, add 1.1 c.c. of the saturated solution to 10 c.c. of neutral absolute 
alcohol. To make the mixture of neutral red and Janus green, add 
0.04 c.c. of the saturated solution of the Janus green to 5 c.c. of the 
dilute neutral red solution. The combination of the neutral red and 
Janus green is not stable in solution and so should be put onto slides 
the day it is made up. 

The slides for the dry films should be chemically clean, without a 
trace of grease and entirely free from dust. To prepare the films, hold 
the slide obliquely over the bottle of the stain, flood its surface evenly 
with dye and let the excess run back into the bottle. Avoid letting the 
dye touch the fingers. To remove the last traces of excess dye from the 
slide, touch its edges to an absorbing surface, such, as cheese cloth or a 
blotter, and put the slide horizontal in a current of^warm air to dry; this 
can be induced by having a lighted Bunsen burner in a horizontal 
position nearby. No streaks of dye should be visible on the slides, for 
such concentrations kill the cells. The stained surface of the slide should 
be marked with a glass pencil and the slides protected from dust. The 
optimum amount of dye depends on the number of cells in the prepara- 
tion and on this account some variations in concentration must be made 
to adapt the method to different problems. In general the concentrations 
just given are adequate for blood films, but for other purposes double 
the amounts given may be used. Three different preparations will be 
found useful for specific purposes, the neutral red alone, the Janus 
green alone, and the combination of the two dyes. In general the com- 
bination of neutral red and Janus green is the most used. The Janus 
green is much more toxic than the neutral red and inhibits the motility 
of the cells. Thus for specimens of blood in which motility is important, 
as for example in the discrimination of the B-myelocytes from mono- 
cytes for the diagnosis of monocytic leucemia, the films of the neutral 
red alone should be used. In general the amount of the Janus green in 
the double dye preparations should be cut to the very minimum neces- 
sary to bring out the mitochondria. 

2. Vascular Injection of Dyes to be Used for Supravital Reac- 
tions, The use of supravital staining of cells by injecting the dyes dis- 
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solved in physiological saline has been developed especially by Bensley^^ 
and by Harvey and Bensleyd^ Neutral red in the strength of i to 10,000 
and Janus green, i to 15,000, can be injected into the blood vessels 
immediately after killing the animal. Many dyes valuable for this tech- 
nique are already known. In making the injections the vascular route 
is the most used, but such dyes may be introduced interstitially or into 
the body cavities. The technique for the vascular injections is described 
in the next section. 

3. Fixation of Supravital Dyes. The range of the use of the 
supravital reaction was much extended by showing that this staining of 
the cells could be presei'ved in fixed tissue. This was first brought out by 
Sherwood^^^ who developed a method for fixing films of cells from 
exudates which had been supravitally stained. She used a buffered 
Ringer-formalin solution as the fixative. Methods were then devised for 
preserving the supravital reaction in organs, followed by embedding in 
paraffin. These methods were developed by Mcjunkin, Cash, Gardner 
and Forkner.i'^ Mcjunkin obtained the supravital reaction by interstitial 
injection of the dye and fixed the tissues in Helly’s fluid, which is 
Zenker-formol. The prime essential of this technique is, however, to 
obtain perfect supravital staining and this is done much better by vas- 
cular injection of the dye. Forkner has modified the methods of Cash 
and described them in detail. The essentials are: three flasks, one for 
pressure connected with a manometer; a second to contain the warm 
neutral red solution (1000 c.c, of 0.6 per cent vital neutral red in 0.9 
per cent saline) ; and the third to contain 500 c.c. of warm Zenker base 
with 15 per cent neutral formol. Instead of tying a cannula into the 
heart or the aorta, he found that it saved time to introduce a small fish 
hook into the injection needle; the fluid could flow around the hook 
easily and it was adequate to prevent the needle from coming out of the 
vessel. The apparatus was fitted with a three-way cock so that the fixing 
fluid could be turned on immediately when the desired staining had 
been obtained. The perfusion with the stain should last from fifteen to 
twenty minutes, and the fixing fluid should run about ten to twenty 
minutes. The organs are then placed in the fixing fluid for twelve to 
twenty-four hours; small blocks, not over 2 mm. in thickness, are then 

^^ Bensley, R. R. /. 12: 297, 1911-12. 

Harvey, B. C. H., and Bensley, R, R. Biol. Bull., 2$: 225, 1912. 

Sherwood, M. B. Proc. Soc. Exp. Biol. ^ Med., 23: 622, 1925-26. 

Mcjunkin, F. A. /. 1: 305, 1925. 

Gash, J. R. Proc. Soc. Exp. Biol. & Med., 24.: 193, 1926-27. 

Gardner, L. U. Proc. Soc. Exp. Biol. ^ Med., 24: 646, 1926-27. 

Forkner, C. E. /. Pxp. Med., 52: 379, 1930. 
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run rapidly through the following solutions, blotting the excess of fluid 
between each transfer. 


Solution 1 Absolute ethyl alcohol i minute 

2 Absolute ethyl alcohol 5 minutes 

3 Pure acetone 20 minutes 

4 Pure acetone 20 minutes 

5 Pure acetone 20 minutes 

6 Xylol 20 minutes 

7 Xylol 20 minutes 

8 56° c. Paraffin. 1-2 hours 

9 56° a Paraffin 1-2 hours 

10 Embed 


For a counterstain, Goodpasture’s^^ acid polychrome methylene blue 
gives excellent results; the dehydration and clearing must be done as 
rapidly as possible. Another way of treating the sections is to use the 
Foot and Menard’s^^ technique for staining reticulum by silver impreg- 
nation. If the bleaching of this technique be omitted, the neutral red 
staining will be replaced by the silver and every detail of the supravital 
reaction will be reproduced. 

III. Applications of Supravital Staining 
1. Blood 

The most extensive use of the supravital reaction has been applied 
to the study of the cells of the blood. In general the supravital technique 
brings out evidences of functional changes in the cytoplasm better than 
fixed films; nuclear structure, though visible in the living cell, is demon- 
strated better in fixed tissues. Thus a differential for an Arneth-Schilling 
count is made more rapidly and perhaps more accurately with fixed 
films. The supravital technique is more sharply differential for the 
monocyte than other methods; this is more true for the monocytes in 
the blood of animals than in human blood. The monocyte in human 
blood contains characteristic granules brought out in fixed films and 
giving this cell a positive oxidase reaction. In the blood of all animals, 
including the monkey, these granules are lacking and the cell is oxidase- 
negative. 

For preparations of blood the double stain, neutral red and Janus 
green, is the method of choice. The Janus green will inhibit the motility 

“See Mallory, E. B.. and Wright,. J. H. Pathological Technique. Ed. 8, Phila., 
Saunders, 1924, p. 76. 

“Foot, N. C., and Menard, M. C. Arch, Path., 4: 211, 1927. 
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of the cells somewhat but the staining of the mitochondria adds so much 
to the facility in discrimination of the cells that its disadvantages are 
counterbalanced. To make a preparation of fresh blood on the dry film 
of stain, the size of the drop is important and can be learned only by 
experience. The drop must spread evenly and must be large enough to 
occupy the space between the slide and the coverslip without any over- 
lapping of the red cells. As soon as the blood has spread, the edges of 
the coverslip are sealed with vaseline of a melting point sufficiently high 
that it will not be softened in the warm-box. The vaseline is applied 
conveniently from a syringe with a cut-off needle. The preparations 
should be kept at room temperature until they are counted. They will 
keep at room temperature in excellent condition for at least two hours. 
The cells are damaged less by cold than by over-heating and Casey and 
Rosahn^^ have shown that the supravital reaction is retained for twenty- 
four hours at ice-box temperature. The slides may be counted at room 
temperature, but in this case the cells show little or no motility. The 
optimum conditions for counting the cells are to have the microscope 
placed in a warm-box with the temperature controlled at 37 °c. by a 
regulator. The cells are highly sensitive to excessive heat. Active stream- 
ing of the granules in the cytoplasm does not take place below 37 °c.; 
above this temperature the white cells are soon killed and the fragmenta- 
tion of the red cells is so much increased that this phenomenon can be 
counted on to call attention to defects in a thermostatic regulator. 

a. Red Blood Cells. In the supravital films the reticulum of re- 
ticulocytes is stained with neutral red, since this dye acts exactly as does 
brilliant cresyl blue. A count of the reticulocytes is, however, not ac- 
curate because the concentration of the dye best adapted for the study 
of the white cells is not adequate for complete staining of the reticulo- 
cytes. This is indicated by the fact that there are almost always more 
reticulocytes to be seen at the edges of the preparations where the dye 
becomes more concentrated. The last stage of reticulation in the red cell 
is indicated by one or two small neutral red bodies. This reaction corre- 
sponds probably to the Isaacs granule and is the most sensitive indica- 
tion of the beginning of regeneration of red cells in the marrow. Nucle- 
ated red cells, poikilocytes, macrocytes and microcytes are readily seen 
as in any preparations of fresh blood. Fragmentation of red cells is ob- 
vious in fresh blood, the long processes being in active motion before 
they break off. As Rous and Robertson^^ have shown, it is a constant 
phenomenon, taking place in the blood stream. It is increased in certain 
anemic states, but since, as has been said, an increase in temperature 
®®Casey, A. E., and Rosahn, P. D. J. Lab. fix Clin. Med., 17; 1263, 1931-32. 

Rous, P., and Robertson, O. R. /. Exp. Med., 2^: 651; 665, 1917. 
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stimulates fragmentation of the red cells to such a degree, this phe- 
nomenon must be controlled carefully by the thermometer. 

b. White Blood Cells. In making differential counts of white 
blood cells it is not possible to obtain exact correspondence between the 
supravital technique and fixed films. This is due to the fact that more 
cells rupture in making the fixed films and therefore it is possible that 
the counts with the supravital technique are a little closer to the num- 
ber of cells actually in the blood stream. For all studies of human blood, 
however, fixed films should be made also, both on account of certain 
advantages, such as the staining of nuclear material and the basophilia 
of the cytoplasm, and for a permanent record. To make the comparison 
between the two methods as close as possible, the whole drop must be 
used for making fixed films. Thus if coverslips are used, both must be 
saved and mounted on the same slide. For differential counts with the 
supravital technique, we prepare two films from two different drops of 
blood and count loo cells on each. If they agree closely, their average 
is taken as the count. If they vary widely, other preparations are taken 
and from 400 to 1000 cells are counted. The counting of this number 
of cells is not as laborious as with fixed films. 

(1) Neutrophiles. The neutrophilic, pseudoeosinophilic or hetero- 
philic, and amphophilic granules of the leucocytes stain characteris- 
tically a salmon pink with neutral red. They represent the neutral tints 
of this dye, or, as in the case of the pseudoeosinophilic granules, a more 
acid reaction. The granules of this type vary much in size, in refractivity, 
and in stainability in different animals. For example these granules in 
the leucocytes of rabbits’ blood are larger, more refractive and stain 
less intensely than in human blood. In all of the different bloods, these 
granules stain darker, more toward the acid range of the dye in myelo- 
cytes than in mature leucocytes. At the stage of senility, the granules 
of the neutrophiles lose their power to react to neutral red and become 
highly refractive. The cell then passes into the so-called non-motile 
phase. It must be stated that the number of cells showing this reaction 
is greatly increased in preparations that are excessively thin because in 
them there is undue pressure on the cells from the weight of the cover- 
slip. It has been shown by de Aberle-^ that the discrepancies concerning 
the proportion of leucocytes to lymphocytes in the blood of rodents can 
be cleared up by using the supravital technique, because the neutrophilic 
granulations, so tiny in these animals, are clearly brought out by the 
neutral red. 

Besides the specific granulations, the neutrophilic leucocytes fre- 
quently have vacuoles which stain in neutral red and indicate phago- 
^de Aberle, S. B. Am. J. Anat.f 40: 219, 1927-28. 
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cytosis. These vacuoles always show a different shade of neutral red, a 
little more toward the acid range of the dye, than the granules and they 
are also larger. Indeed they may become quite large. In addition to the 
specific granules, the leucocytes have mitochondria, usually small in size, 
which can be seen unstained and are brought out by Janus green. In the 
older leucocytes they become fewer until they finally disappear entirely 
in the senile forms. All of the granules and vacuoles flow ceaselessly in 
the streaming of the cytoplasm which accompanies locomotion. In the 
supravital preparations when viewed at 37 °c., the neutrophilic leucocytes 
are in constant ameboid motion, which serves as an excellent point of 
discrimination from lymphocytes and monocytes, each of which has a 
different type of motility. 

(2) Basophiles. The granules of the basophilic leucocytes stain with 
the acid or scarlet reaction of neutral red. These granules are not quite 
uniform in size and a few of them may react more intensely to the dye 
than others; this is especially true with the basophile of human blood. 
The basophilic leucocyte of the blood shows active ameboid movements, 
but the so-called tissue basophile or mast-cell shows little streaming of 
the cytoplasm and hence is more like a myelocyte. The presence of 
vacuoles has not been detected. 

(3) Eosinophiles. The large refractile granules of the eosinophilic 
leucocytes react characteristically in neutral red, with the alkaline reac- 
tion of the dye. In some samples of neutral red they stain a coppery red, 
but the perfect reaction is a clear yellow. Occasionally, there are a few 
tiny basophilic granules to be seen in the eosinophiles and this is the 
rule in this type of cell in guinea pigs. The eosinophiles are not com- 
monly vacuolated. The technique is more sharply differential for eosino- 
philes than fixed films; as is well known, an occasional leucocyte in 
fixed films has granules slightly larger than the average neutrophile, 
giving a cell difficult to discriminate. The question does arise with the 
supravital technique for the dye as a chemical indicator is sharply dif- 
ferential. The eosinophiles show active ameboid motion but it is not 
maintained on the slide for as long as in the case of the neutrophilic 
leucocytes. 

(4) Lymphocytes. The characteristic features of lymphocytes are the 
clear cytoplasm, the large content of mitochondria, usually in the form 
of rods, and the type of motility. Lymphocytes do not start to move as 
soon after the slide has been prepared as leucocytes; of the three sizes, 
small, intermediate and large, the intermediate forms are most often 
found in motion, but McCutcheon^^ h^s shown that all lymphocytes 
will eventually move if the preparations are kept in the warm-box long 

^ McCutcheon, M. Am. J. Physiol., S79, 1924- 
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enough. The type o£ motility is characteristic; the nucleus stays in the 
front end of the cell, not dragged passively in the rear, as it were, as in 
the ameboid motion of the leucocyte; then the lymphocyte is not in 
constant motion but rather darts forward and then rounds up and rests. 
The motility of the cell is best seen in motion pictures of cells in hang- 
ing drop preparations as developed by Carrel, Ebeling and Rosenberger 
and by Warren Lewis. The essential characteristics of its motion can, 
however, be made out in the supravital films. As has been said, the 
motility is inhibited by the Janus green but this dye is of great impor- 
tance in the discrimination of lymphocytes from monocytes, in which 
the mitochondria are smaller. All cells take up the Janus green more 
slowly than the neutral red and hence about fifteen minutes should be 
allowed before counting films with the double stain. The neutral red is 
evident in the cells as soon as the preparation can be focused. Lympho- 
cytes show a few vacuoles which stain with the neutral red; they may also 
show one or two refractive bodies. The basophilic substance characteris- 
tic of all young blood cells appears yellow in the living cell. By this 
property Wiseman^^ was able to show that the lymphocytes of the blood 
show phases of maturation similar to those of leucocytes. According to 
him, the count of the lymphocytes corresponding to the Arneth-Schilling 
count is best made with fixed films. 

(5) Monocytes, The supravital technique is of especial advantage 
for the discrimination of the monocyte. The monocytes have a denser 
cytoplasm than the lymphocytes and contain bodies, which we judge to 
be vacuoles and which react to neutral red. The number of these 
vacuoles can be made to increase by exposing the cell to materials, such 
as lipoids, which the cells phagocytose. These vacuoles react with a pink 
shade to the neutral red, a little farther to the acid reaction than the 
strict neutral reaction of the dye. In the monocytes in the blood of ani- 
mals these vacuoles are usually arranged in a rosette around the centro- 
some; in the corresponding cell of human blood they show a greater 
tendency to be scattered in the cytoplasm. The monocyte of the blood 
is a young cell, showing less maturation than the leucocyte; hence its 
cytoplasm is always basophilic and its centrosome obvious. There are 
abundant tiny mitochondria, smaller than those of lymphocytes, ar- 
ranged in the edge of the rosette of vacuoles. The surface film of the 
monocyte is of great importance, since it is the organ of its function, 
namely phagocytosis. This surface film is to be seen to best advantage in 
moving pictures, in which it appears in constant and beautiful veil-like 
motion around the entire sphere of the cell. In the space between slide 
and coverslip these films are much hampered in their motion and the 
Wiseman, B. K. J. Exp. Med.^ 54: 271, 1931; Folia haematol.^ 46: 346, 1931-32. 



SUPRAVITAL STAINS 


127 


cell may appear spread out in the form of a triangle, with the nucleus 
a little excentrically placed and the surface film in folds around the 
border. With the scxpravital technique, variations in the functional state 
of this cell are readily made out. These consist either of a great increase 
in large vacuoles, the type which is seen in Malta fever,^^ or of a marked 
increase in tiny vacuoles.^^ This process gives all the transitions between 
the monocyte and the epithelioid cell as seen in tubeixulosis and other 
pathological conditions. 

c. Cells of Leucemic Blood. For blood in which there are large 
numbers of immature cells, as in leucemic blood, the combination of 
the neutral red and Janus green is the preferable stain. Myeloblasts^'^ 
are discriminated by large numbers of small mitochondria scattered dif- 
fusely throughout a deeply basophilic cytoplasm, which appears yellow 
in the living cell. Since myeloblasts in the blood occur practically always 
in association with the earliest type of myelocyte, namely type-A, an 
oxidase preparation should always be made for this discrimination. The 
myelocyte type-A has a few specific granules and in both neutrophilic 
and eosinophilic myelocytes, this first clump of granules, readily seen in 
the supravital technique, gives one positive granule in the oxidase reac- 
tion. For this technique, the method of Sato and Sekiya^s is the most 
practical since their solutions are stable. The myelocytes do not show 
streaming of the granules in the supravital technique and no ameboid 
motion. The streaming of the cytoplasm first becomes marked at the 
stage of the metamyelocyte. The most difficult discrimination to be made 
in films of blood is between the monocyte and the B-myelocyte when it 
has about half of the full quota of granules. This is true both in fixed 
and in supravital films. Indeed for this discrimination, the surface film 
and the type of motility to be seen in the living state are the most impor- 
tant factors so far known. In human blood both types are oxidase- 
positive. 

In leucemic blood, it frequently happens that many of the cells are so 
fragile that they fracture in making the fixed films. In certain cases of 
lymphatic leucemia all of the cells make the so-called smudges in fixed 
films. In these cases the supravital technique is the only one to be used, 

Sabin, F. R. Bull. Johns Hopkins Hasp., 34: 277, 1923. 

Sabin, F. R., Smithburn, K. C., and Thomas, R. M. J. Exp. Med., 62: 751, 1935. 

^ Sabin, F. R., Austrian, C. R„ Cunningham, R. S., and Doan, C. A. J. Exp. Med,, 
40: 845, 1924. 

Simpson, M. E., and Doming, J. M. Anat. Rec., 27: 218, 1924. Folia Haematol., 
Toil I, 34: 103, 1927. 

"®The Sato and Sekiya technique is given by Sato, A„ and Yoshimatsu, Sh. Am.]. 
Dis. C/n7d., 29: 301, 1925. 



128 MICROSCOPICAL TECHNIdUE 

but in general fixed films should be made, studied and kept as perma> 
nent records of all abnormal bloods. 

2, Cells of the Bone Marrow 

For the differential counts of the cells of bone marrow, now an im- 
portant part of the study of bone marrow removed at biopsy, the supra- 
vital technique is the method of choice. The double stain should be 
used. If the marrow is relatively fluid, as in very young animals, a tiny 
drop of the cells can be drawn a short distance into a pipette, trans- 
ferred to a slide and spread by the mere weight of the coverslip. When 
fat is present, a tiny bit may be cut out, covered and spread with very 
gentle and steady pressure on the coverslip. All spicules of bone must be 
avoided. The preparation is then sealed as already indicated. In the 
areas in which the cells are well stained and lie one cell deep, differential 
counts may be made. Since the youngest white cells, the myeloblasts, 
have a yellow cytoplasm due to the basophilia, differences between the 
nuclear patterns of erythroid and myeloid cells are important in the 
discrimination. Since the erythroid and myeloid cells grow in islands in 
the marrow, a larger number of cells should be included in the counts 
than for blood cells. In experimental work we make 5000 cells the stand- 
ard; for diagnostic work 1000 will sufifice.^^ 

5. Cells in Fluids Other Than Blood Plasma 

In general cells tend to deteriorate more quickly in other body fluids, 
such as cerebrospinal fluid, than in blood plasma. Kubie and Shults'"^^ 
have shown that the supravital technique allows a sharper discrimina- 
tion of the free cells of cerebrospinal fluid than other methods. Material 
from exudates of the body cavities, from joints and lymph nodes ean be 
obtained through pipettes and mounted as blood films. Cells can be 
obtained from the peripheral sinuses of lymph nodes by introducing a 
fine pipette tangentially to the gland; the supravital technique shows 
that this fluid is more toxic to cells than the fluid from the central 
sinuses or from the thoracic duct. 

4. Cells of the Connective Tissues 

The omentum, together with the cells of peritoneal exudates, and 
the cells of the retrosternal lymph nodes, which drain the peritoneal 
cavity, make the best material for the study of the reactions of the cells 

^ Sabin, F. R., Miller, F. R., Smitliburn, K. G., Thomas, R. M., and Hummel, I.. E. 
/, Exp, Afed., 64: 97, 1936. 

“ Kubie, L. S., and Shults, G. M. /. Exp. MerL, 42; 565, 1925, 
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of the connective tissues to various stimuli. This is true because the 
omentum can be split into its two folds and mounted on a slide with a 
dry film of stain. Some accessory fluid must be added between omentum 
and coverslip and neutral red in saline is used for this purpose. The 
preparations need not be sealed with vaseline if a large enough coverslip 
is used; this makes it simpler to fix the preparation after it has been 
studied supravitally. If the coverslip is left in place for about one hour 
the film of omentum will stick to the slide and can then be handled as 
a section. The advantage of these films of the omentum is that the cells 
can be seen in them in their natural relationship to each other. For 
comparison with the omentum, scrapings of the omentum, of the peri- 
toneal wall, of the diaphragm, as well as from the sinuses of the lymph 
nodes already mentioned, may be studied with the supravital method. 
These preparations need no accessory fluid. 

Supravital preparations of the subcutaneous tissues are best made by 
inducing a slight edema by injecting the neutral red in saline into the 
tissues. One half of an area to be studied can be fixed for sections and 
the other half made edematous for the study of the living cells. The 
supravital preparations are made by gentle scraping of a freshly cut sur- 
face and mounting as for blood films. 

a. Monocytes and Macrophages (Clasmatocytes). These two 
types of cells, making together the phagocytic mononuclear forms, are 
closely allied. They have exactly the same type of surface films, the 
organ of their function, and they move in precisely the same manner. 
The monocytes of the tissue, few in number, unless artificially stimu- 
lated to increase, have the deeply basophilic cytoplasm of young cells. 
With the supravital technique it is possible to follow to some extent the 
degree of change which is brought about by these cells upon phago- 
cytosed material. Two types of activity may be discriminated. For ex- 
ample vSome materials, such as a phagocytosed leucocyte, appear to be 
dissolved within the vacuole which first forms around them. This process 
takes place rapidly, involving from twenty-four to forty-eight hours only. 
When several leucocytes have been engulfed, the different vacuoles in 
the same cell can be seen to be at different pH values with neutral red 
as indicator, that is, some will be a bright red while others are yellow. 
This process suggests an enzyme action.^^ Other materials, notably 
lipoids, are not quickly dissolved by cells; rather they are dispersed into 
finer and finer particles and acted upon slowly by cells. By this type of 

Sabin, F. R., Doan, C. A„ and Forkner, C. E. J, Exp. Med,, Sup. No. 3, 5s: i, 
1930, see p. *79. 
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Only in the case of brain tumors, through the extensive studies of 
Eisenhardt and Cushing,^^ and in the cellular reactions in tuberculosis^® 
and syphilis, have thorough applications of the technique been made 
to pathological conditions. 

Eisenhardt, L., and Cushing, H. Am. J. Path., 6: 541, 1930. 

Sabin, F. R., Doan, C. A., and Forkner, C. E. /. Exp. Med., Sup. No. 3, 52: i, 

1930. 

'^ Cunningham, R. S., Morgan, H. J., Tompkins, E. H., and Harris, S. Am. J. 
SyphMis, ip. ^15, 1933. 

Morgan, H. }., Harris, S., Tompkins, E. H., and Cunningham, R. S. Am. J. 
SyphiHs, 17: 522, 1933. 
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A. GENERAL CONSIDERATIONS 

The preparation of specimens for microscopic examination is simpler 
in the case of bacteria than in that of higher plants or animals, except 
when some special technique such as flagella staining is in question. It is, 
however, very important that a correct optical system be used; and the 
microscope should be given special consideration. 

The microscopes most commonly used in bacteriological laboratories 
are equipped with Abbe condenser, triple nosepiece bearing 1,9 mm., 
8 mm. (or 4 mm.) and 16 mm. objectives, with oculars of 6.4X and loX 
magnifications. Little attention need be given to the selection of the 
lower-powered objectives; but the 1.9 mm. oil-immersion objective and 
the oculars should be carefully selected. The oil-immersion lens for best 
results should be apochromatic; but on account of expense and the care 
necessary in handling such an objective, the apochromatic type is ordi- 
narily less practical than the fluorite objective of 1.9 mm. The latter, 
although having a lower numerical aperture than the apochromatic 
lenses, gives sufficient definition so that it may be used with quite high- 
powered oculars, and is entirely satisfactory for ordinary bacteriological 
work. If a fluorite objective is employed, the oculars for routine use may 
be y.sX and i2.5X> instead of the 6.4X and loX. because of the greater 
definition secured; and in this way greater magnification may be ob- 
tained. The oculars of loX and below may be of the Huygenian type; 
but for best results the higher-powered oculars should be the compensat- 
ing type. An ocular as high as 15X compensating may be used with a 
1,9 mm. fluorite objective; and in the study of minute bacteria such a 
combination is often very useful. For routine work, however, the 6.4X 
and 7.5X oculars are most satisfactory. 
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B. STUDY OF PURE CULTURES 
I. Unstained Preparations 

1. Hanging Drop. Unstained preparations of bacteria are generally 
utilized for determining whether a culture is motile. The important 
points to be observed in making them, therefore, are that the culture be 
at its greatest vigor, and that the preparation be so made as not to hinder 
the motility of the organisms. Hanging-drop preparations are usually 
employed. 

Cultures for this purpose should be inoculated into whatever me- 
dium, either liquid or solid,' is understood to be most favorable for their 
growth. They should be incubated at optimum temperature until good 
growth has taken place, ordinarily about twenty-four hours. In the case 
of liquid cultures, a loopful should be placed on the coverslip; in the 
case of solid cultures (agar) , the same method may be used if sufficient 
liquid has been exuded at the base of the tube, or if not, a minute por- 
tion of the surface growth may be mixed with a small drop of water on 
the coverslip. The coverslip bearing a drop of culture should be in- 
verted over the hollow of a depression slip, with care to see that the drop 
does not touch the glass at any point. If a depression slip is not available, 
good results may be obtained by a slightly different technique which does 
not give true hanging-drop conditions. A cover glass is supported by two 
or three small pieces of a broken coverslip placed on an ordinary micro- 
scopical slip. If this latter technique is used, one does not need to take 
precautions to prevent the drop touching the glass; for motility can take 
place between slip and cover almost as freely as in a hanging drop. 

The preparation should be examined with a dry objective of about 
4 mm. focus. If the bacteria are very small, a comparatively high-powered 
ocular (as for example 12.5X) tnay be used to give the desired magnifi- 
cation; but for ordinary purposes, an ocular of 6.4X or 7.5X is more 
satisfactory. Artificial light must be used, either with or without a ''day- 
light” screen, and the diaphragm below the condenser should be nearly 
closed. 

2. Study of Microscopic Colonies. There are three ways of mak- 
ing a microscopical study of unstained bacterial colonies: (1) direct 
examination on the culture plate; (2) transfer of the colony to a micro- 
scopical slip; (3) agar block or gelatin drop culture. 

(1) Direct examination on a culture plate requires a rather low 
power and does not give very satisfactory results. It is ordinarily employed 
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only when precautions must be taken to avoid contamination of the cul- 
ture plate. 

( 2 ) Removal of the bacterial colony is accomplished by cutting out 
a block of the medium and lifting it up with scalpel or spatula. For this 
purpose the colony should preferably be growing in agar; removal of a 
gelatin colony for microscopical examination is a much more difficult 
procedure. The block of medium containing the colony should be placed 
on a slip with the colony to be studied at or near the top of the block. 
It may then be covered with a coverslip and examined with a relatively 
high power. An oil-immersion objective may sometimes be used to good 
advantage; but ordinarily the same combination of lenses should be used 
as mentioned in the case of hanging drop. 

( 3 ) The agar block or gelatin drop culture is a little more difficult 
to study. Slips with deep depressions must be used for this work and 
should be sterilized before using, together with coverslips to fit them. 
They may be sterilized inside of Petri dishes and kept inside of them 
until used. For an agar block culture, a small piece of sterile agar should 
be cut out of a Petri plate in which it has been poured without inocula- 
tion. It should be cut and removed with a previously flamed scalpel or 
spatula, and transferred under aseptic conditions to one of the sterile 
coverslips. Just before placing on the coverslip, the culture to be studied 
should be inoculated on the surface at one minute spot, and the inocu- 
lated side should be placed against the coverslip. The coverslip bearing 
the block should then be inverted into the depression of the slip and 
should be sealed in such a way as to prevent evaporation. For sealing 
the coverslip in place, pyroxylin cement gives very good results. 

The gelatin drop culture is managed a little differently. Ordinarily 
the inoculation is effected by placing a minute amount of bacterial 
growth on the sterile coverslip. A drop of sterile gelatin which has been 
melted and then cooled down almost to its solidifying point is placed 
on the spot thus inoculated. The drop of inoculated gelatin is covered 
with the depression slip and immediately transferred to a refrigerator 
or other cooling device until the gelatin solidifies; it is then sealed abound 
the edges of the coverslip. 

These agar block or gelatin drop cultures, after incubation (not 
higher than so^c. in the case of gelatin), are to be examined by the 
same methods as just described for other unstained preparations. 

II. Stained Preparations 

I. Preparations for Staining. For a few purposes bacteria are 
stained without drying by adding dilute stain to the liquid in which 
they are suspended. They are then examined without washing, or else 
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the washing is done beneath the coverslip by introducing water from 
one side and blotting the stain out from the other. Ordinarily, however, 
bacteria are stained in dried smear preparations. 

Smear preparations are simply made by mixing a small amount of 
the bacterial growth (best taken from the surface of agar) with a drop 
of water (preferably distilled) on a slip. Care should be taken not to 
use enough of the bacterial growth to give noticeable turbidity. The drop 
is then spread over an area of one or two square centimeters, according 
to the amount of liquid in the drop, and is allowed to dry. No fixative is 
needed, because the bacterial growth ordinarily is sufficiently gelatinous 
in its nature to stick to the glass without the addition of any fixing agent. 
Mild heat is sometimes used so that bacteria will adhere more firmly, 
but it is not ordinarily necessary. The smears should never be heated 
above the boiling temperature. 

Occasionally difficulty in obtaining a good smear preparation is ex- 
perienced because of the presence of slimy substances produced by the 
bacteria. Smear preparations from such organisms cannot well be stained 
in the usual way, either because the entire mucous mass takes this stain 
and obscures the bacteria or else because nothing in the preparation 
stains. Such organisms are sometimes handled by centrifuging to remove 
the bacteria from the slime; the bacteria at the bottom of the centrifuge 
tube are then washed with water and smeared as usual on the slip. In 
the writer’s experience, it has proved much simpler to make preparations 
from such organisms in the usual manner and then to stain with some 
special dye such as rose bengal (p. 146) . 

. 2. Staining Methods. The most recent summary for staining pro- 
cedures for pure culture study of bactei'ia is part of the “Manual of 
Methods for Pure Culture Study of Bacteria,” published by the Society 
of American Bacteriologists (Geneva, N. Y.) and issued by the Commit- 
tee on Bacteriological Technic. This summary of staining methods is 
given in Leaflet iv of the Manual entitled “Staining Procedures,” of 
which the fifth edition was issued in May, 1934. Permission has been se- 
cured from the committee to quote these staining procedures here. Atten- 
tion, however, is called to the fact that the Manual of Methods is a loose- 
leaf publication constantly subject to revision, and that the committee 
assumes no responsibility for the methods being up-to-date for more than 
a brief period after the date of issue of each section of the publication. 
To obtain the most recently approved methods, therefore, the reader is 
referred to the publication in question which the committee plans to 
keep up-to-date.^ 

^Committee on Bacteriological Technic. Manual of Methods for Pure Culture Study 
of Bacteria. Puhl. by Soc. of Amer. Bacteriologists, Geneva, N. Y., 1923, with revisions 
of various sections at later dates. A loose-leaf publication. 
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The following nine pages are quoted frona this leaflet: 

In the literature concerning staining methods there is a surprising 
amount of inaccuracy. Few of the formulae found can be accepted in 
the light of present knowledge without some degree of interpretation to 
make them more explicit; in some cases the author’s intentions in the 
matter are evident, in others they can be only inferred. Hence, in the 
following pages, two formulae for some of the staining solutions are 
given: the original one (or that generally found in text books) ; and 
the emended formula as interpreted by the committee. The latter is 
intended to give the same solution as probably employed in the first 
place; but the committee assumes no responsibility for the identity of the 
two and offers the emendation merely to prevent the perpetuation of 
formulae which are clearly ambiguous or indefinite as to their ingredients. 

In using any of the methods it must be remembered that a blind ad- 
herence to a staining technique is no guarantee that the result will be 
satisfactory. Even experienced workers sometimes discover to their dis- 
may that they took too much for granted as to the purity of their 
reagents, cleanliness of slides^ and covers, or proper compounding of the 
staining solutions. A technique should, therefore, be checked upon 
known organisms as controls. It is, furthermore, important to know 
that the solutions and water used for dilution are reasonably free from 
bacteria and their spores. 

A. General Bacterial Stains!^ 

(1) ZiehTs Carbol-fuchsin 

Old Statement of Formula Emended Statement of Formula^ 

Solution A 

Sat. Ak. Sol. basic fuchsin . . . . loc.c. Basic fuchsin (90 per cent 


5 per cent sol. carbolic acid. . . 100 c.c. dye content)*^ 0.3 gm. 

Ethyl alcohol (95 per cent) 10 c.c. 

Solution B 

Phenol 5 gm. 

Distilled water 95 c.c. 

Mix Solutions a and b. 


^ “Slide” in this quotation is equivalent, in most cases, to the term “slip,” used 
elsewhere in this book. 

'‘^Loeffler, F. Mitt. a. d. k. Gesundheitsamte , 2: 421, 1884. 

Ziehl, F. Deutsch. Med. Wchnsehr., 8: 451, 1882. 

* The emended statements of the formulae in the following pages are not formulae 
especially recommended by the committee; but represent an attempt to put the origi- 
nal formulae in more up-to-date form and to show what the original author probably 
intended. The committee assumes no responsibility for the actual correctness of its 
interpretation. Corrections and comments from users are invited. 

Mt is not necessary that dry stains of the exact dye content specified be used in 
this or in the following formulae. Samples of higher or lower dye content may be 
employed by making the proper adjustment in the quantity used. 
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(2) Loefflefs Alkaline Methylene Blue 


Original Statement of Formula 

Cone. Sol. methylene blue in 

alcohol. 30 c.c. 

Sol. KOH in distilled water 

(1:10,000) 100 c.c. 


Emended Statement 
Solution A 

Methylene blue (90 per 

cent dye content) 0.3 gm. 

Ethyl alcohol (95 per cent) 30 c.c. 
Solution B 

Dilute KOH (0.01 per cent by 

weight) 100 c.c. 

Mix Solutions a and b 


This formula is still very useful, although no longer as necessary as 
formerly. The use of a weakly alkaline solution was apparently to over- 
come the acidity of poorly neutralized dyes formerly on the market and 
to secure partial polychroming of the methylene blue. The methylene 
blue at present available, however, especially that which is certified by 
the Commission on Standardization of Biological Stains, does not re- 
quire neutralization, and contains a sufficient admixture of the lower 
homologues of methylene blue (azure, etc.) to give good differentiation 
without treatment with alkali. As a result, good results can ordinarily 
be obtained if distilled water is substituted for the dilute alkali in the 
above formula. 


(3) Aniline Gentian Violet (Ehrlich f 


Original Statement of Formula 

Sat. Ale. Sol. Gentian violet 5-20 c.c. 
Aniline water (2 c.c. aniline 
shaken with 98 c.c. water 
and filtered) 100 c.c. 


Emended Statement 
Soludon A 

Crystal violet (85 per cent 

dye content) 2.5 gm. 

Ethyl alcohol (95 per cent). . 12 c.c. 
Solution B 

Aniline 2 c.c. 

Distilled water 98 c.c. 

Shake and allow to stand for a few 
minutes, then filter. 

Mix Solutions a and b 


The use of crystal violet in this formula is recommended because this 
dye is more uniform than the various products sold as gentian violet. 

* Although various aniline water formulae for this dye are known as Ehrlich’s, he 
seems properly to be credited only with the idea of using aniline water in the 
formula. Various subsequent authors have modified the sofution to suit themselves; 
and as a result the amount of gentian violet recommended in different places varies 
to the extent shown in the left-hand column above. 
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The committee, however, does not recommend the use of an aniline 
formula in the Gram stain, but rather one of the two given below. 

B. The Gram Stain, There are a large variety of modifications of 
the Gram stain, many of which have recently been listed by Hucker and 
Conn. Two of the more satisfactory of the recent modifications may be 
mentioned. 

(i) Hucker Modification (recommended by the Committee) 
Ammonium Oxalate Crystal Violet 

Solution A 


Crystal violet (85 per cent dye content) 4 gm. 

Ethyl alcohol (95 per cent) . 20 c.c. 

Solution B 

Ammonium oxalate : . . 0.8 gm. 

Distilled v/ater 80 c.c. 


Mix Solutions A and b 
Lugol’s Iodine Solution 


Iodine 1 gm. 

Potassium iodide 2 gm. 

Distilled water 300 c.c. 

Counterstain 

Safranin (sat. .solution in 95 per cent alcohol) 10 c.c. 

Distilled water 100 c.c. 


Technique. Stain one minute with the crystal violet solution; wash 
in water; immerse in iodine for one minute; wash in water and blot dry; 
decolorize in 95 per cent alcohol for thirty seconds with gentle agita- 
tion; blot and cover with counterstain for ten seconds; then wash dry, 
and examine with oil-immersion lens. 

(2) Kopeloff and Beerman Modification (recommended by the Committee) 
Alkaline Gentian Violet 

Solution A 


Gentian or crystal violed 1 gm. 

Distilled water 100 c.c. 


’The authors specify either crystal violet or inethyl violet 6B. Probably any of the 
gentian violets now sold under the Commission certification would be satisfactory; 
they are ordinarily either crystal violet or one of the bluer grades of methyl violet. 



BACTERIOLOGICAL METHODS 


139 


Solution B 


Sodium bicarbonate 1 gm. 

Distilled water 20 c.c. 


Just before use, mix 1.5 c.c. of solution a with 0.4 c.c. of solution b in a 
beaker. 

Iodine Solution 


Iodine 2 gm. 

Normal solution sodium hydroxide 10 c.c. 


After the iodine is dissolved make up to 100 c.c. with water. 

Counterstain 


Basic fuchsin 0.1 gm. 

Distilled water 100 c.c. 


Technique. Stain five minutes or more with the alkaline gentian violet solu- 
tion; rinse with the iodine solution; add fresh iodine solution and allow to 
stand two minutes or longer; drain off iodine solution and blot dry (without 
washing); decolorize with 100 per cent acetone, adding drop by drop to the 
slip while tilted until no color is seen in drippings (generally less than 10 
seconds); dry in the air; counterstain for ten to thirty seconds; wash in water, 
dry, and examine with oil-immersion lens.® 

C. Acid-fast Staining. Various methods have been given for deter- 
mining the acid-fast properties of an organism; but all are really varia- 
tions of the same general procedure: staining deeply with carbol fuchsin, 
then decolorizing with acidified alcohol, followed or accompanied by a 
counterstain. 

V 

(1) The Ziehl-Neelsen method^ is: carbol fuchsin with gentle steaming for 

three to five minutes or cold for fifteen minutes; wash in water; decolorize in 
95 per cent ethyl alcohol containing 3 per cent by volume concentrated hydro- 
chloric acid until only a suggestion of pink remains; wash in water; counter- 
stain with saturated aqueous methylene blue or Loeffler’s methylene blue; wash 
and dry.^® . 

(2) The Ziehl-Gabbet method is similar but calls for simultaneous decolor- 
izing and counterstaining in 2 per cent methylene blue in 25 per cent sulphuric 
acid (sp. gr. 1.18).^^ 

(3) Much’s method No. 2, which is now quite widely used, employs carbol 

® Hucker, G. J. BacL, 6: 2, 1922. 

Hucker, G. J., and Conn, H. J. AT. Y. Agr, Exp. Sta., Tech. Bull. 93, 1923. 

Kopeloff, N., and Beerraan, P. /. Inf. Dis., 31: 480, 1922. 

®See Stitt’s Practical Bacteriology, Blood Work, and Animal Parasitology, Ed. 7, 
Phila., 1923, p. 58. 

Compare with method given in Mallory’s section on Acid-fast Staining of Sections 
(P- 153)- 

^H^abbet, H. S. Rapid staining of the tubercle organism. Lancet, 1: 757, 1887. 
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gentian violet of essentially the formula already given except that in the 
place of crystal violet the author calls for methyl violet BN. Preparations are 
^ stained cold for twenty-four hours or by gentle application of heat until steam- 

, ing. They are then washed in water and treated with LugoFs iodine solution 

from one to five minutes. After a second washing they are treated with 5 per 
cent nitric acid for one minute followed by 3 per cent hydrochloric acid for ten 
seconds. They are then decolorized one minute in equal parts of acetone and 
95 per cent ethyl alcohol. Weiss (1909) has modified this procedure by staining 
I with a mixture of 3 parts of carbol fuchsin to 1 part of carbol gentian violet 

I and counters taining with one per cent aqueous safranin (five to ten seconds) 

f or with Bismarck brotvn (one minute). The counterstain is applied immediately 

after the deed orization, the acetone-alcohol being removed merely by blotting. 

I In some laboratories this method of counterstaining is employed following the 

Much technique with carbol gentian violet alone for the primary stain 
j (4) The Cooper method calls for staining in ZiehFs carbol fuchsin to which 

I 3 per cent of a 10 per cent aqueous sodium chloride solution is added just 

I before use. Smears are stained either by steaming three to four minutes, then 

I allowing them to cool until a precipitate forms, or else by standing over night 

I in a 37° incubator and cooling in an ice box for twenty minutes to allow pre- 

cipitation to occur. After the precipitation has taken place, wash with tap water 
and decolorize one to ten minutes in acid alcohol (5 c.c. of nitric acid, sp. gr. 
1.42, to 95 c.c. of 95 per cent ethyl alcohol). Wash again with water, and finally 
for one minute with 95 per cent ethyl alcohol. Counterstain with 1 per cent 
brilliant green, or if the smear is heavy, with a greater dilution of this same 
stain. Wash with water, dry, and examine.^* 

D. Spore Stains, The older methods of spore staining are very simi- 
lar to those for add-fast staining, differing largely in the manner of apply- 
ing heat during the staining and in that the acid used in decolorizing is 
diluted with water instead of with alcohol. Recent methods are some- 
what different: 

(1) Dornefs Method (recommended by the Committeef*" 

(a) For bacteria not forming slime: 

(1) Make a heavy suspension of the organism in 2 to 3 drops of distilled 

water in a small test-tube. 

(2) Add an equal quantity of freshly filtered ZiehFs carbol fuchsin. 

Much, H. fiber die granulare, nach Teil nicht Mrbbare Form des Tuberkulose- 
yirm. Beitr. z. Klin. d. TubercL, 8: 85-99, 

Weiss, L. Zur Morphologic des Tuberkulosevirus unter besonderer Berucksich- 
tigung einer Doppelfarbung. BerZ. Mu. PFcfinsc/ir., 46: 1797-1800,1909. 

“Cooper, F. B. A modification of the Ziehl-Neelsen staining method for tubercle 
hacillU Arch, Path. & Lab. Med,, z: 

“Borner, W. d. Setom., 36: 595, 1922. 

Dorner, W. Le Lait, 6: 8, 1926, 
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(3) Allow the mixture to stand in a boiling water bath for ten to twelve 

minutes. 

(4) On a coverslip or slide mix one loopful of the stained preparation 

with one loopful of a saturated aqueous solution of nigrosin. 

(5) Smear as thinly as possible and do not dry too slowly. 

(2) Recent Modifications of the Wirtz Method'^' 

(a) Schaeffer and Fulton Modification (recommended by the Committee) 

Bacterial smears are made as usual and fixed in a flame. They are flooded 
with 5 per cent aqueous malachite green for thirty to sixty seconds, and heated 
to steaming three or four times. The excess stain is washed off in running water 
for about half a minute, and 0.5 per cent aqueous safranin is added for about 
thirty seconds. The smears are then washed and blotted. The spores should be 
stained green, the rest of the cells red.^^* 

(b) Conklin Modification 

Smears are prepared as above, and are flooded with 5 per cent aqueous 
malachite green. They are steamed for ten minutes, keeping the slide flooded 
by addition of fresh staining fluid. They are then washed one-half minute in 
running water, and counterstained with 5 per cent aqueous mercurochrome for 
one minute. The picture is the same as with the Schaeffer and Fulton tech- 
nique.^'^ 

In both of these last two procedures trouble is sometimes experienced 
with the green fading after the slides have stood a few days. Apparently 
this is due to an alkaline reaction and can be prevented by treating the 
slides in acid before making the smears. (“Clean” slides are sometimes 
covered with an invisible film of soap or washing powder which can inter- 
fere with this stain unless neutralized.) 

E. Flagella Stains. Flagella staining is an extremely difficult tech- 
nique and there have been more different methods proposed for the 
purpose than for any other bacteriological procedure. There is no evi- 
dence that any one of these procedures is universally better than any 
other. The important thing is that one method be selected and that the 
user became so familiar with it that he can obtain good results; al- 
though it is probable that some kinds of bacteria stain better by one 
method, others by some other. Some of the favorite formulae are as 
follows: 

Wirtz, R. En einfache Art der Sporenfarbung. f. Bakt., 1 Abt., Orig., 46: 

727, 1908. 

Schaeffer, Alice B., and Fulton, McD, A simplified method of staining endospores. 
Science, 77: 194, 1933. 

Conklin, Marie E. Mercurochrome as a bacteriological stain. /. Bact., 27: 30, 
*93T ' '■ 
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(1) Loefflefs Flagella Stai'nl^ 

(1) Mordant: 

Solution of tannic acid (20 per cent in water) loc.c. 

Sat “ aqu. solution of ferrous sulphate 5 c.c. 

Sat. solution of basic fuchsin in 95 per cent ethyl alcohol (i.e. 
about 3 to 5 per cent) 1 c.c. 

(2) Stain: 

Carbol fuchsin. 

There are various modifications of this technique. Duckwall,2o for 
example, has modified it by using 15 c.c. of a 13.3 per cent solution of 
tannic acid. The mordant is ordinarily used fresh, and filtered each time 
before using; although Kulp^^ obtains better results by letting it stand 
over night and centrifuging before use. Kulp prefers gentian violet to 
basic fuchsin both in the mordant and in the stain. 

Shunk’s^^ modification differs so radically from the original that it 
must be treated separately. It is as follows: 


(1) Mordant: 


(2) Skunk's Flagella Stain 
Solution A 


Sat. aqu. solution of tannic acid 

Solution of ferric chloride (5 per cent in water) 


30 c.c. 
10 c.c. 


Solution B 


Aniline 1 c.c. 

Ethyl alcohol (95 per cent) 4 c.c. 


Solution A is best prepared a week or more ahead of time and filtered before 
use. When using, place about 9 drops of solution a on the slide and immediately 
add one drop of solution b; and there is then a precipitation on the slide. The 
excess mordant is carefully drained off, and the stain applied without previous 
washing. 

(2) Stain: 

Carbol-fuchsin, 1 per cent safranine in 50 per cent alcohol, aniline gentian 
violet, or Loeffler’s methylene blue may be used. Shunk recommends the follow- 


ing, however; 

Leoffler’s methylene blue solution 30 c.c. 

Solution B of Shunk’s mordant, 3 c.c. 


This solution is immediately ready for use and keeps well. 

^^Loeffler, F. CentbL f. Bakt,, 7: 625, 1890. 

By ‘'Sat. solution’' (unless otherwise specified) is meant a solution saturated at 
room temperature (21° to 25^0.). 

Duckwall, E. W. Canning and Preserving of Food Products with Bacteriological 
Fechnic, Pittsburgh, 1905, 438 pp. 

Kulp, W. h. Stain Technology, 1: 60, 1926. 

^ Shunk, I. V. /. Bact,, 181, 1920. 
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(3) Casares-GiVs Flagella Stain"^ 

As Published by Plimmer and Paine (p. 144) 


(1) Mordant: 

Tannic acid 10 gm. 

Aluminum chloride (hydrated) 18 gm. 

Zinc Chloride 10 gm. 

Basic fuchsim" 

Alcohol (60 per cent) 40 c.c. 


The solids are dissolved in the alcohol by trituration in a mortar, adding 
10 c.c. of the alcohol first, and then the rest slowly. This alcoholic solution may 
be kept several years. For use, dilute with 4 parts of water, filter off precipitate 
and collect filtrate on the side allowing it to act for sixty seconds. 

N. B. It has recently been stated (Thatcher^*) that better results can be ob- 
tained in this technique if the mordant is diluted only 1 to 1 instead of 1 to 4. 
Subsequent investigation by the committee (with the corroboration of Miss 
Thatcher) shows a dilution of 1 to 2 to be rather more satisfactory. 

(2) Stain: Carbol fuchsin. 

(4) Gray's Flagella Stairr^ 

(1) Mordant: 


Solution A 

Potassium alum. (sat. aqu. solution) 5 c.c. 

Tannic acid (20 per cent aqu. solution). 2 c.c. 

(A few drops of chloroform must be added to this if a large quantity is made 
up.) 

Mercuric chloride (sat. aqu. solution) 2 c.c. 

Solution B 

Basic fuchsin (sat. ale. solution) 0.4 c.c. 

Mix Solutions a and b less than twenty-four hours before using. Both solu- 
tions separately may be kept indefinitely, but deteriorate rapidly after mixing. 
(2) Stain: Carbol fuchsin. 

The general method of applying flagella stains requires first the 
procuring of very young and vigorous cultures. The exact method of 
preparing these cultures varies with different organisms; but, in general, 
growth from twelve to twenty-four hours old on surface of agar gives best 

^See Galli-Valerio, B. Centbl. f. Bakt,, I Abt. Ong., 76: 233, 1915. 

®^The authors specify rosaniline hydrochloride. There are, however, other basic 
fuchsins more universally available which ought to prove equally satisfactory. 

^Thatcher, L. M. Stain Technology, 1: 143, 1926. 

^ Gray, P, H. H. J. Bact., 12: 2*73, 1926. 
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results. If old stock cultures are used, it is often necessary to make daily 
transfers for a few days before studying, in order to restore their vigor. 
Kulp-i (p. 142) obtains especially good results by using agar slants with 
plenty of condensation water; then from a twenty-four hour culture a 
ioopful of the condensation water is transferred to a second agar slant, 
from which, twenty-four hours later, 1 or 2 drops of condensation water 
are poured off aseptically into a tube of sterile distilled water which has 
been kept at the same temperature as the culture; the tube is then in- 
cubated at the optimum temperature of the organism for from forty- 
eight to seventy-two hours. A similar procedure was recommended some 
time ago by Johnston and Mack.-'^ Others, however, seem to find that 
bacteria shed their flagella if left so long in distilled water. 

A vei'y important point is that the cover glasses or slides used be 
scrupulously clean. They should be prepared by treating in a hot clean- 
ing fluid consisting of sulfuric acid and sodium or potassium bichromate 
made up according to the formula as given in standard texts, (n.b. After 
“"this fluid becomes green or brown it should be discarded.) For best 
results the covers or slides should subsequently be cleaned in strong 
caustic soda or potash, rinsed in weak hydrochloric acid, and then in 
distilled water. They should finally be placed in alcohol and kept there 
until ready for use. With cover glasses the alcohol can be burned 
off just before use, while holding each cover with a forceps. In the case 
of slides, Plimmer and Paine^^ recommend baking on a wire gauze over 
a Bunsen burner just before using. 

The growth should be prepared by diluting considerably in sterile 
distilled water, and then carefully placing tiny drops or streaks on the 
coverslip, discarding those coverslips which show signs of grease. The 
drops or streaks should be so thin as to dry almost instantly; and no 
appreciable heat should be used in drying them. Some writers recom- 
mend drying at body heat, others at room temperature. Fixation of the 
films by flaming is sometimes specified, but is not to be recommended as 
it destroys the flagella if they are allowed to become too hot. 

Plimmer and Paine recommend the use of slides (scrupulously 
cleaned) , instead of covers. The slide is heated before use and cooled to 
about body temperature. Then a drop of the culture fluid from a 3 mm. 
loop is placed at one end of the slide, the slide tilted to allow the sus- 
pension to run down the slide. The slide should be warm enough to 
allow rapid drying. Gray also uses slides, placing a large loopful of the 

Johnston, O. P., and Mack, W. B. American Medicine, 7: 754, 1904. (Original not 
seen.) Reference obtained from Moore and Hagan’s Laboratory Manual in General 
and Pathogenic Bacteriology and Immunity (1925), p. 99. 

Plimmer, H. C., and Paine, S. G. J, Path. Pact., 24: 286, 1921. 
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culture suspension near one end and making the film by spreading the 
fluid gently over the slides with a strip of unsized paper (e.g., typing 
paper) . 

After the dried films on the cover glasses or slides are ready, the mor- 
dant is applied (filtered before use if this is called for by the technique 
adopted) . The mordant is allowed to act between half a minute and 
three minutes, the time differing with different organisms. In the case of 
Loeffler’s mordant, gentle heat is called for, sufficient to allow visible 
steam to rise from the solution. The mordants of Casares-Gil, Shunk and 
Gray are applied cold; Gray allows the mordant to act for ten minutes, 
although the committee has obtained very satisfactory results with half 
that period. After rinsing off the mordant the stain is applied in the 
same way, using gentle heat (enough to cause steaming) in the case of 
Loeffler’s method, but no heat in the case of the other methods given 
above. The stain is applied from one to three minutes or more. In gen- 
eral, the procedures calling for heat specify about one minute, the others 
three minutes. Plimmer and Paine recommend five minutes, Gray five 
to ten minutes. 

Other methods of manipulation are sometimes called for, such as 
dropping the coverslips into test-tubes containing the steaming solutions 
or by using slides and allowing them to rest on a water bath in which the 
water is a little below boiling temperature. In this matter, also, the best 
procedure is undoubtedly the one with which the user is more familiar. 

Poor results may be caused by greasy cover glasses or slides, cultures 
too old or growing on an unsatisfactory medium, allowing the bacteria 
to stand too long in the dilution water before drying, too thick suspen- 
sions of the bacteria, insufficient or excessive mordanting, under-staining, 
or over-staining. It is very difficult for the beginner to tell which of these 
points is at fault in a given case, and unless he has expert assistance he 
can do nothing but proceed by the method of trial and error until chance 
brings him the right combination. It can be said in general, however, 
that poor results are more likely to be caused by improper handling of 
the culture, or by greasy coverslips or slides than by the use of an unsatis- 
factory staining procedure. 

F. Capstde Stains. Various methods of staining capsules are given in 
the literature. None of them, apparently, can be regarded as absolutely 
reliable. The two following seem to be most used at present in this 
country. 

(1) Hisf Method^^ 

Preparations from ascitic fluid or serum media, or other preparations 
mixed with serum before use, are dried on t^e slide or cover. The stain 
Hiss, P. H., Jr. /. Exper. Med.f 6: 317, 1905. 
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used consists of 5 or 10 ex. sat. ale. gentian violet or basic fuchsin made 
up to 100 ex. with water. This is placed on the dried and fixed prepara- 
tion and gently heated for a few seconds, until steam arises. The dye is 
washed off with a 20 per cent aqueous solution of copper sulphate (crys- 
tals) . The preparation is then dried by blotting. 

(2) Hiintoon's Method^^ 

A 3 per cent solution (100 c.c.) of sodium caseinate (“nutrose”) is 
cooked for one hour in flowing steam; 5 c.c. of 2 per cent phenol is added, 
and the fluid decanted into test-tubes. The organisms to be stained are 
mixed with a drop of this solution, spread in a thin film on a glass slide, 
and dried in the air without fixing. 

The stain is: 


2 per cent aqu. solution of phenol 100 c.c. 

Concentrated lactic acid 0.25-0.5 ex. 

1 per cent acetic acid 1 c.c. 

Sat. ale. solution of basic fuchsin 1 c.c. 

Carbol fuchsin (old solution) 1 c.c. 


The stain is kept on the film for thirty seconds, and the latter washed 
in water and dried. 

G. Conn's Stain for Slime-forming BacteriaA'^ As explained before, 
the bacteria which form slime can be handled as ordinary dried smear 
preparations if the proper stain be used. For this purpose, one of the 
high fluorescein derivatives such as erythrosin, phloxine or rose bengal 
proves most satisfactory. The following formula is recommended: 


Rose bengal (85 per cent dye content) 1 gm. 

Phenol (5 per cent aqueous solution, by volume) 100 c.c. 

CaCh (1 per cent aqueous solution) 1 c.c. 


This solution is applied cold or preferably with a little heat for about 
one minute. The slide is then washed very briefly and examined as usual. 

C. STUDY OF BACTERIA IN THEIR NATURAL HABITAT 

L In Soil 

Bacteria in soil may be stained by the following technique: One gram 
of soil is mixed with a sufficient quantity of a gelatin fixative to bring the 
total bulk up to 10 c.c This fixative is prepared by dissolving 0.015 per 

^Huntoon, F. M. J. Bacteriol. 2: 241, 1917. 

®^Conn, H. J. J. Bacteriol., 6: 255, 1921. Not included in the Manual of Methods 
for Pure Culture Study of Bacteria. 
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cent of gelatin in boiling water and using after it is cooled. It is con- 
veniently kept in plugged test-tubes containing lo c.c. each, which can be 
sterilized and then used one by one so that the stock of the fixative solu- 
tion does not become contaminated. The exact proportion of soil and 
fixative used is not important unless the technique is to be used in esti- 
mating the numbers of bacteria present. 

About 0.01 c.c. of this infusion is placed on a slide. This quantity 
should be measured exactly by means of a capillary pipette if an esti- 
mate of numbers is to be made; otherwise it may be withdrawn without 
measuring from the tube, by means of a wire loop about 2 mm. in di- 
ameter. The slip used should have been washed in alcohol so as to be 
moderately free from grease. By means of a stiff wire or needle, a drop 
of the infusion is smeared over the surface to cover an area of about a 
square centimeter. If a count of the bacteria is to be made this area 
should be accurately measured, by means of a square of the specified 
size placed underneath the slip. If no count is to be made the exact size 
is immaterial. 

The preparation is dried on a boiling water bath. While still thus 
heated, it is stained for about one minute with rose bengal. This staining 
solution may be of the formula given before (p. 146) . Either phloxine 
or erythrosin may be used in place of rose bengal, but the writer obtains 
better results with the latter. 

The preparation should be examined with a 1.9 mm. fluorite or 
apochromatic objective and a 12.5X compensating ocular. If it is desired 
to count the bacteria, the ocular should contain a micrometer bearing 
a circle divided into quadrants by means of cross lines, and the apparent 
area of the circle should have been previously determined by means of a 
stage micrometer. 

II, In Dairy Products 

Methods have been proposed for observing bacteria both in milk and 
in cheese. The former has become a standard procedure and is there- 
fore described at length below. The microscopical observation of bac- 
teria in cheese, however, has been used only for experimental purposes, 
and is not detailed here. It is a method calling for imbedding in paraffin, 
sectioning, and staining by procedures that are essentially histological. It 
is described by Hucker.®^ 

For staining bacteria in milk, 0.01 c.c. is withdrawn with a capillary 
pipette and smeared over one square centimeter of a glass slip as above 
described in the case of soil infusion. The size of the sample and the area 
« Hacker, G. J. N. Y. Agric. Exp. Sta., Tech. Bull. 87, 1921. 
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of the smear need not be measured exactly unless the bacteria are to 
be counted. 

The milk smears are dried either at room temperature or with gentle 
heat; the temperature of a boiling water bath is too high. The slides are 
immersed in xylol for one to two minutes to wash out the fat. They are 
then placed in alcohol for about the same length of time to fix the smear 
to the slip. They are then stained for about a minute in Loeffler's methyl- 
ene blue solution (which may be prepared if desired with water instead 
of dilute alkali as a diluent) . After staining they are decolorized in 
alcohol until the smear appears faint blue. After this it is ordinarily 
found that best results can be obtained by dipping momentarily into 
the methylene blue again and then washing with water. They are subse- 
quently dried and examined under immersion oil. A lower-powered 
ocular can be used than in the examination of soil.'^^ The ocular should 
contain a circle of known apparent area as described under soil examina- 
tion. A fairly accurate estimate of the number of bacteria present in the 
milk can be made by counting from lo to lOo fields (according to the 
abundance of the organisms) averaging the results and multiplying by 

100 X-. 7 K -; 4 ; 

Size of field, m sq. cm. 

D. SECTIONED MATERIAL^** 

The stains most commonly used for demonstrating bacteria in sections 
are methylene blue, crystal, methyl or gentian violet and basic fuchsin. 
Various solutions of these dyes have been devised and are usually known 
by the names of the men who originated them. The fixatives recom- 
mended are alcohol, fonnaldehyde, corrosive sublimate and Zenker’s 
fluid or combinations of certain ones of them. Zenker’s fluid can be 
highly recommended partly on account of its excellent preservation of 
the organisms, but also because it furnishes the best fixation of the tissues 
and of the inflammatory exudation caused by the infectious agents. 

From the point of view of staining, the gram-positive and acid-fast 
bacteria are the easiest to demonstrate because they can be colored differ- 
ently from the surrounding tissue elements; in other words they can be 
stained differentially and hence stand out with great sharpness. The 
gram-negative organisms on the other hand are often difficult to demon- 
strate satisfactorily. As a result various staining methods have been de- 
vised both for this group of organisms and for different members of it. 

The following methods can be recommended as the most generally 
useful and as probably the best which have yet been devised. 

Breed, R. S., and Brew, J. D. N. Y. Agr. Exp. Sta., Tech. Bull, 49, 1916. 

By Mallory, F. B., and Parker, Frederic, Jr. 
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Gram-Negative Bacteria 

I. Mallory’s Eosin, or Phloxine, and Methylene Blue Stain. 
Zenker fixation, paraffin sections. 

(1) Stain sections in a 5 per cent aqueous solution of eosin or in a 2.5 per 
cent aqueous solution of phloxine for one hour in the paraffin oven at 55 c. 
or overnight in the cold. 

(2) Allow sections to cool for a few minutes and then wash off in water. 

(5) Stain in the following solution, using 5 c.c. each of A and B and 90 

c.c. of water, for ten to twenty minutes. 


Solution A 

Methylene blue 1 gm. 

Borax 1 gm. 

Water 100 c.c. 

Solution B 

Azur II I gm. 

Water 100 c.c. 


Pour the solution on and off the sections several times. 

(4) Wash in water. 

(5) Differentiate and dehydrate in a dish of 95 per cent alcohol, keeping the 
section in constant motion, so that the decolorization shall be uniform. Control 
the result under the microscope. When the pink color has returned to the 
section and the nuclei are still a deep blue, finish the dehydration quickly with 
absolute alcohol. 

(6) Clear in xylol. 

(7) Mount in xylol balsam. 

For celloidin sections use 95 per cent alcohol, blot, and pour on xylol,* repeat 
the last two steps until the specimen is clear. 

It is important to get a deep stain with eosin, because the methylene 
blue washes it out to a considerable extent. The eosin must be used first, 
because methylene blue is readily soluble in an aqueous solution of eosin, 
and therefore is quickly extracted if the eosin is used after it, while on 
the other hand eosin is very slightly soluble in an aqueous solution of 
methylene blue which is precipitated by any excess of eosin. 

The success of this staining method has been found by Wolbach to 
depend on the presence of colophonium in the alcohol used for differen- 
tiation. This is present in alcohol obtained from the barrel, but not in 
alcohol preserved in glass. It must, therefore, be added. This is most 
easily done by keeping on hand a 10 per cent solution of colophonium 
in absolute alcohol, and adding a few drops of it to the alcohol in which 
the sections are differentiated. Wolbach has also shown that sections 
fixed in formaldehyde may be stained by this method, provided the 
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amount of colophonium in the alcohol be increased to from 3 to lo 
per cent. 

It is sometimes advisable to stain the sections more deeply than usual 
with the methylene blue solution and then to decolorize for several min- 
utes in a 1 to 1000 aqueous solution of acetic acid before dehydrating in 
alcohol. 

2. Giemsa’s Method for Staining Bacteria in Sections. 

(1) Fix pieces of tissue not more than 2 mm. thick in sublimate alcohol, 
consisting of two parts of a concentrated aqueous solution of corrosive sublimate 
and one part of absolute alcohol. The fixation requires at least forty-eight hours. 
The fixing fluid is to be renewed after twenty-four hours. 

The tissue may remain for as long as three months in the fixing fluid without 
disadvantage if evaporation is prevented. 

(2) Dehydrate in graded alcohols and clear in xylol. Imbed in paraffin. The 
sections should not be over 4 fi thick; 2 /a are better. The tissues must not be 
handled with metal instruments until after they have been cleared in oil of 
cedarwood. 

(3) Treat sections with xylol, followed by graded alcohols and water. 

(4) Ten minutes in a solution consisting of KI, 2 gms.; distilled water, 100 
C.C.; Lugol's solution, 3 c.c. 

Instead of this mixture, it is possible to use Lugol’s solution only (1 to 3 
c.c. of it mixed with 100 c.c. of water or 70 per cent alcohol), or tincture of 
iodine diluted with alcohol. The use of the weak alcoholic iodine solution is 
indicated when a more intense blue staining of the cytoplasm is desired. Treat- 
ment with the weaker iodine solutions demands naturally a longer time, twenty 
to thirty minutes. 

(5) Treat with 95 per cent alcohol until the yellow color is removed. After 
a quick wash with distilled water place sections for ten minutes in a 0.5 per 
cent aqueous solution of sodium hyposulphite, then five minutes in tap-water, 
and for a short time in distilled water. 

(6) Stain with freshly diluted Giemsa solution two to twelve hours or longer. 
The solution recommended for this purpose should be made up according to 
the following modified formula: 


Azur n— eosin 3.0 gm. 

Azur n 0.8 gm. 

Glycerin 125.00 c.c. 

Methyl-alcohol . 375.00 c.c. 


The dilution should be 1 drop to 1 c.c. of water; or for a longer period of 
staining, 1 drop to 2 c.c. of water. After the first half hour the staining mixture 
is to be poured off and replaced by fresh. 

(7) Wash in distilled water and dehydrate as follows 

(a) Acetone 95 c.c. plus xylol 5 c.c. 

(b) Acetone 70 c.c. plus xylol 30 c.c. 
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(c) Acetone 30 c.c. plus xylol 70 c.c. 

(d) Xylol pure/ 

(e) Cedarwood oil. 

(8) Mount in cedarwood oil. 

The duration of the treatment with a, h, and c depends upon the degree of 
differentiation required. 

The distilled water used for diluting the staining fluid must be abso- 
lutely free from acid. The slightest trace of organic or mineral acids, or 
even the presence of a considerable amount of carbonic acid, spoils the 
staining. The distilled water may be tested and corrected for use as 
follows: 

Place 30 c.c. of it in each of four flasks. Add 1 per cent solution of carbonate 
of sodium (NaaCO.,), 1 drop to the first flask, 2 drops to the second flask, and 
so on. Then take 10 c.c. from each flask in a clean test-tube and add 2 or 3 
drops of a fresh solution of hematoxylin in absolute alcohol, which should be 
pale yellow to nearly colorless. Stand against a white background, and the flask 
with the right reaction should take on a violet tinge after one to five minutes. 

For bringing out certain granules, etc., in special objects a larger amount of 
alkali in the water is necessary. In this case add to 20 c.c. of the water, shortly 
before mixing with the staining fluid, an additional drop of alkali solution. 

3. Wolbach’s Modification of Giemsa's Stain. 

Zenker fixation; paraffin sections, not over 5^ thick. 

(1) Xylol, alcohol, LugoFs solution; alcohol as usual. 

(2) F'ive-tenths per cent sodium hyposulphite to remove the last traces of 
iodine, ten to fifteen minutes. 

(3) Wash in running water ten minutes, followed by distilled water. 

(4) Stain in the following solution for twelve to eighteen hours: 


Distilled water 100 c.c. 

0.5 per cent sodium bicarbonate 2 to 4 drops 

Reagent methyl alcohol 3 c.c. 

Giemsa’s solution 2.5 c.c. 


The stain should be poured over the slides immediately after mixing, and 
should be changed twice during the first hour. The slides are then allowed to 
remain in the third solution for twelve to eighteen hours. 

(5) Differentiate in 95 per cent alcohol. 

The procedure of differentiation really consists in removing the excess of 
stain to a point where good histological detail is secured. If the sections are too 
blue, a better balance may be secured by adding very small quantities of colo- 
phonium to the alcohol. 

(6) Dehydrate rapidly in absolute alcohol. 

(7) Clear in xylol and mount in oil of cedarwood. 
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4. MacCallum’s Modification of Goodpasture^s Method. 

Fix in Zenker or Zenker-formaldehyde solution. Use very thin paraffin sec- 
tions. 

(i) Stain for ten to thirty minutes or more in Goodpasture’s fuchsin solution. 


30 per cent alcohol 100 c.c. 

Basic fuchsin 0.59 gm. 

Aniline 1 gm. 

Phenol crystals 1 gm. 

(2) Wash in water. 


(3) Differentiate in formalin (40 per cent solution of formaldehyde). Only 
a few seconds are required. The bright red color changes to rose. 

(4) Wash in water. 

(5) Counterstain in a saturated aqueous solution of picric acid for three to 
five minutes until the section becomes purplish yellow. 

(6) Wash in water. 

(7) Differentiate in 95 per cent alcohol. The red reappears and some of it is 
washed out, as is also some of the yellow of the picric acid. 

(8) Wash in water. 

(9) Stain in Sterling’s gentian violet for five minutes or more. 

(10) Wash in water. 

(11) Gram’s iodine solution for one minute. 

(12) Blot dry without washing. 

(13) Clear in a mixture of equal parts of aniline and xylol until no more 
color comes away. 

(14) Clear in two changes of xylol. 

(15) Mount in xylol balsam. 

Gram-negative bacteria red, gram-positive bacteria blue; tissue red and blue; 
fibrin deep blue. 

5. The Gram-Weigert Staining Method. 

Preferably Zenker’s fixation, paraffin sections. 

(1) Stain sections lightly in alum-hematoxylin. 

(2) Wash in running water. 

(3) 1 per cent aqueous solution of eosin, one to five minutes. 

(4) Wash in water. 

(5) Aniline methyl-violet, one-half to one hour. 

(6) Wash off with water. 

(7) Lugol’s solution, one to two minutes. 

(8) Wash off with water. 

(9) Blot with filter-paper and dehydrate and clear in several changes of 
aniline and xylol, equal parts. 

(10) Wash off with xylol. 

(11) Mount in xylol balsam. 
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When this method is used for staining actinomycetes a saturated 
solution of eosin should be taken in order to stain the clubs of the organ- 
isms sufficiently intensely. 

If the tissues have been fixed in alcohol or formaldehyde a carmine 
stain for the nuclei can be used in place of the alum-hematoxylin and 
eosin. 

The MacCallum-Goodpasture method can also be used for this group of 
organisms. 


Acid-Fast Bacteria 

The tubercle and leprosy bacilli and a few other gram-positive organ- 
isms have the property, when once deeply stained by certain aniline dyes, 
of resisting decolorization by a mineral acid followed by alcohol. A va- 
riety of methods have been devised for staining this group of organisms 
but only the simplest and most generally reliable is given here. 

I. Ziehl-Neelsen Carbol-fuchsin Method. This is the staining so- 
lution most commonly used. It keeps exceedingly well. 


Saturated alcoholic solution of basic fuchsin loc.c. 

5 per cent solution of carbolic acid in distilled water 90 c.c. 


2. Ehrlich’s Aniline Fuchsin Method. It is claimed that this solu- 
tion stains the bacilli more intensely than carbol-fuchsin, but it has to 
be used fresh because it deteriorates rapidly. 


Saturated alcoholic solution of fuchsin 16 c.c. 

Aniline water (made by shaking together 5 parts of aniline 
with 95 parts of water and filtering the resulting milky 
fluid) . 84 cx. 


The method of using these two staining solutions is the same. 

Zenker fixation preferable; paraffin sections. 

(1) Stain sections deeply in alum-hematoxylin. 

(2) Wash in water. 

(3) Stain in carbol-fuchsin cold over night or steaming for three to five 
minutes. 

(4) Wash off in water. 

(5) Dip in acid alcohol (hydrochloric acid 1 cx. to gg c.c. of 70 per cent 
alcohol) for thirty to sixty seconds. 

(6) Wash thoroughly in several changes of water. 

(7) Decolorize and dehydrate in 95 per cent alcohol followed by absolute. 

(8) Clear in xylol. 

(9) Mount in xylol balsam. 
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If celloidin sections are used, they should be attached to the slip by 
the ether vapor method after the staining with alum-hematoxylin. They 
can be cleared from 95 per cent alcohol by the blotting paper xylol 
method. ■ ' ' i 

The leprosy bacillus is more difficult to stain than the tubercle ba- 
cillus because it does not retain the dye so well. If good results are not 
obtained by the preceding method the following procedure can be rec- 
ommended: 

3. Flexner’s Method for Staining Leprosy Bacilli. 

(1) Stain in alum-hematoxylin so as to get a sharp nuclear stain. 

(2) Wash in water. 

(3) Carbol-fuchsin two to five minutes steaming, or thirty to sixty minutes 
cold. 

(4) Water. 

(5) Treat on the slip with iodine solution one-half to one minute. 

(6) Water. 

(7) Blot, clear and differentiate in aniline oil. 

(8) Xylol, xylol balsam. 

The Gram-Weigert stain gives brilliant results provided the organisms 
are deeply colored to begin with but of course the method has no diagnos- 
tic value by itself. 


CHAPTER IV 


GENERAL BOTANICAL MICROTECHNIQUE 

William Randolph Taylor 

(Section on Fats by Sophia H. Eckerson) 

Histological Methods 156. Collection, preservation and preparation 156. Re- 
duction of material to physical proportions within range of microscopical ob- 
servation 165. Preparation and staining of sections 184. Microchemical reactions 
in plant membranes 195. Mounting methods 197. Cytological Methods 204. 
Choice of methods and standards 204. Examination of living cells 211. Prepara- 
tion of cytological material for fixation 213. Choice of the fixing fluid 215. Im- 
bedding and staining 220. Cytoplasmic inclusions 220. Fats 222. Special Meth- 
ods FOR Particular Plant Groups 226, Algae 226. Fungi 236. Bryophytes 240. 
Pteridophytes 240. Gymnosperms 242. Angiosperms 243. 

This chapter is intended to be strictly supplementary to the first part 
of the whole book, where McClung follows specimens of animal tissue 
through the fundamental preparatory methods. 

Both plant and animal materials, however, may be used for intro- 
ductory training with equal facility. The beginning student should 
study the first part very thoroughly before consulting this botanical 
chapter, and all students should beware of assuming that stages in treat- 
ment are unessential if omitted or only casually treated here, because 
processes are not always given in full, but often only their distinctive 
features emphasized. Cross references to other paragraphs will enable 
the user to fill important gaps, but a thorough acquaintance with the 
first part is essential. Stains, for instance, are largely treated separately, 
and mitochondria and related structures in plants are found in a gen- 
eral chapter including both animal and plant material. 

The present chapter treats, first, methods applicable to structures 
both histological and cytological, found generally in most plants, and 
then gives special directions which are of particular importance mainly 
in relation to special plant groups. It does not consider field collecting 
or the laboratory culture of organisms, and therefore cannot take the 
place of a Collector's Handbook, or an Encylopedia of Microscopy. A 
casual worker will not always be able to refer from the index to a full 
discussion of the methods of preparing any given sample, for the inten- 
tion is to offer information and expla'nations that will facilitate a train- 
ing in technique rather than a compendium of procedures by which an 
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untrained operator might be led (fallaciously) to expect that he could, 
by imitation, duplicate the results of a skilled research student. It is 
obvious that a broad treatment of this kind can be only a compilation 
colored by the author’s opinions of relative values and needs, however 
extended his training. Originality of method is not to be sought here, 
but in research papers. The methods given are comparatively few, and 
a selection has been made of those that offer advantages in simplicity or 
precision, discarding those of primarily historical interest or of marked 
undependability. Limitations of space would have forced this even if it 
had not been a virtue. The text is not designed for the reference of a 
skilled investigator, but to supply him his fundamental training, and, 
should he pass from a familiar to a new field of work, to give him meth- 
ods by which he might be able to start his investigation and test his 
material. The most important collateral texts that a student should 
make available to himself are: Schneider-Zimmerman, Die botanische 
Mikrotechnik 2^® Aufl., 192^, R. Krause, EnzyklopMie der mikro- 
skopischen Technik, 3^® Aufl., 1926, continued, and C. J. Chamberlain, 
Methods in Plant Histology, Edition 5, 1932, in addition to works on the 
optics and operation of the microscope and its equipment. 

A. HISTOLOGICAL METHODS 
I. Collection, Preservation and Preparation 

I, The general sequence in plant histology through which speci- 
mens pass involves their collection, the selection of the appropriate por- 
tions, then their removal, perhaps their preservation, followed by de- 
tailed manipulations such as sectioning, maceration, etc., which prepare 
the material for study, and finally the mounting of the ultimate product 
on slips for observation. The methods suited for vascular plants will be 
considered here and other groups discussed in special paragraphs. There 
is little that calls for comment respecting the collection of the specimens 
in the field. It is obvious that great caution must be exercised to secure 
representative material in perfect condition. In all serious researches,* 
herbarium specimens from the sources that gave the histological (or 
equally the cytological) material should always be preserved and filed 
in permanent collections to permit verification of the original determina- 
tions. In fact, portions of the identical specimens should be kept for 
these records whenever possible, and their relation to the portions 
studied should be correctly entered on the labels. All specimens, as col- 
lected, should be kept appropriately moist and aerated so that they may 
remain in good health until they can be studied or killed and pre- 
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served. Just before killing, the portions to be kept for study should 
be cut free of waste and should be immediately immersed in the preserva- 
tive. For rough studies in anatomy most material can be sufficiently killed 
and preserved in 4 per cent formaldehyde solution. For more critical 
work the following may be used: 70 per cent alcohol without or with 
10 per cent of glycerin, formol-alcohol, acetic-formol-alcohol, the mercury 
fluids, strong chrom-acetic and strong Flemming (p. 217 for formulas and 
after-treatment) . This list gives the less critical fluids first. As one passes 
to the more precise in action the size of the pieces fixed should be de- 
creased until in strong Flemming the diameter should not exceed 2 to 
4 mm., but such fluids are generally used only in studies of tissue differ- 
entiation, cell inclusions, etc. In general, this series passes from mixtures 
giving but poor preservation of the cell contents to ones which, while 
maintaining the interrelation of the cells, also show correctly the gen- 
eral internal cell structure. After being killed the material should be 
brought gradually into 70 per cent alcohol, except when one of the first 
three fluids, which are preservatives in themselves, are used. If the mate- 
rial is to be imbedded before cutting it should be prepared according 
to the schedules which are given with the imbedding methods (pp. 178, 
181) . Special preservation methods in histology are too numerous and for 
the most part too limited in application to deserve consideration here. 
A few of wide application may be important. 

Calcium carbonate or sulphate deposits on or in plant tissues do not 
usually lend themselves to the preparation of permanent mounts. Mate- 
rial should be fixed in alcohol free from acid. Sections of tissues con- 
taining, for instance, cystoliths, as in Ficus or Urtica can be stained and 
dehydrated quickly, cleared and mounted in balsam, but it is difficult 
to avoid some solution of the cystolith, which will often dissolve if the 
sections are left for a little in tap water. (For cryptogams with consid- 
erable CaoCOg deposits see p. 222 and the paragraph on the group con- 
cerned pp. 229, 234.) 

Cellulose, as food reserve-cellulose in seeds, often offers great inter- 
ference to cutting if it is dry and mature. When the conditions of study 
permit, the material should be gathered and preserved before maturity 
has completely hardened the walls, and the sections should be cut under 
water rather than alcohol. Seeds of Iris or Phoenix dactylifera can usually 
be managed in this way, the walls appearing practically as thick as if dry 
seeds had been used. Otherwise, methods applicable to hard woods or 
coals must be adopted (pp. 174, 182) . 

Collenchy mat oils wall thickening znA pectic jellies interfere with 
satisfactory cutting if they are too soft. Such material should be preserved 
and cut under 70 per cent alcohol, swelling if necessary with water after- 
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wards. It would seem advantageous to harden with even stronger alcohol, 
but the collenchymatous material sometimes does not expand well after 
such treatment. In general, soft tissue, if it is to be cut unimbedded will 
behave best in 70 to 85 per cent alcohol, especially if it has stiff bun- 
dles scattered through soft areas, as is often the case with monocotyled- 
onous plants and ferns. 

Crystals as cell inclusions (usually calcium oxalate, occasionally the 
sulphate) show by far the best in fresh-cut sections from living material. 
However, they may be mounted in 2 per cent acetic acid and will keep 
for a time very satisfactorily [Dieffenbachia stem, Allium bulb coats, 
etc.) . When caiTied through into balsam they generally lose in visibility 
from too close approximation to the refractive index of the medium. 

Herbarium specimens or stored dried crude vegetable drugs are often 
called upon for histological material. The lower groups of plants are 
considered separately, but certain general rules apply to them and to 
the vascular plants in common and may be discussed here. In general 
the parts desired must be cut away with great caution. This is particu- 
larly the case in studying plants in public or borrowed herbaria, for from 
such no portion should ever be removed except for grave causes and after 
specific permission. The fragments, if desired for microchemical studies, 
must receive special treatment depending on the character of the sub- 
stances to be retained. For ordinary purposes they can best be moistened 
with alcohol to reduce the air film, then soaked up with water, or boiled 
if necessary to hasten the process. Lactophenol is excellent to soften 
specimens, as is lactoglycerin with a little water, and dilute caustic potash 
may sometimes be used (p. 198) . Even if it is desired to macerate (p. 174) 
the tissues for epidermis, bast or wood fibers, idioblasts, etc., it is best 
first to soak it up thoroughly to assure even action of the macerating 
fluid. The same methods are used, after the material is soft, as are 
applied to material preserved in liquid, and in many cases the results 
are equally satisfactory. Herbarium material may also be imbedded for 
histological studies. Very thorough soaking should precede the dehydra- 
tion, and the use of a vacuum pump to remove air is especially advan- 
tageous. The usual methods are applied (p. 179) . 

Inulin can readily be retained in the tissues if the material when 
freshly collected is cut into about 1 cm. blocks and treated with several 
changes of absolute alcohol, to remove the water rapidly and completely. 
Sections must be cut with a knife flooded with absolute alcohol. The pre- 
cipitated sphaero-crystals of inulin may be observed in absolute alcohol, 
redissolved in water, or the dehydrated sections may be stained with 
orange G dissolved to saturation in clove oil, washed in xylol and 
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Biounted in balsam, the inulin being darker in color than the general 
tissues. 

Latex-contaming plants should be collected in such fashion as to pre- 
vent the loss of too much fluid before the fixation is effected. Where 
there are long latex vessels “bleeding ' may be prevented by ligating the 
stem near the end of the piece to be cut away. It is preserved in 50 per 
cent alcohol without the removal of the ligature or clamp until harden- 
ing is complete. For further treatment see p. 194. 

Resin-containing material (e.g. gymnosperms) should be immersed 
in a saturated aqueous copper acetate solution for a considerable period 
(one to several weeks) after which the excess copper may be washed 
away and the material preserved in 50 per cent alcohol. Sections are 
reported as retaining the bright green coloration of the resin when 
mounted in glycerin. 

Sieve tubes (p. 194) containing a considerable quantity of coagulable 
protein substance are usually satisfactorily shown when put up in alco- 
hol, but the distribution of coagulum within the mature tubes is not 
always correctly maintained. It is best to immerse the plant to be 
studied, or a long unsevered branch of it, for a few moments in boil- 
ing water to coagulate the contents before cutting it up into lengths 
suitable for preservation. 

Starch-containing ynaterial should be preserved in alcohol rather than 
formalin, or with acids which hydrolyze it, if the retention of the starch 
in good condition is desired. In most histological work it can well be 
dispensed with. 

2. Preserving media for plant tissues, while offered in a wide 
variety of forms, are founded on comparatively few basic formulas. The 
safest general purpose preserving fluid is 70 per cent ethyl alcohol. To 
minimize loss by evaporation 5 to 20 per cent of glycerin may be added. 
While the strength of the solution may be reduced to 50 per cent alcohol 
for tough specimens destined for superficial morphological study it 
should be increased to 85 per cent for exceedingly delicate material or 
material for cytological study. Glycerin is generally to be avoided if the 
material is later to be imbedded in celloidin or paraffin, and if present 
should be removed by very careful washing before the final stages in 
dehydration. Woody material may be preserved in n-butyl alcohol with 
a minimal increase in brittleness. Filamentous algae and fungi are ad- 
vantageously transferred from the wash water, after fixing or staining, 
to 5 or 10 per cent glycerin which is concentrated by evaporation, the 
concentrated glycerin serving alone as a very good preserving fluid. 
A general fixing and preserving fluid consists of 70 per cent alcohol 96 
parts, formalin 4 parts. A recently suggested fluid contains 50 per cent 
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ethyl alcohol loo cx., formalin 6.5 cx., glacial acetic acid 2,5 cx. It is 
probably better than the preceding, and is very good as a histological 
fixing agent, preserving the cell contents tolerably well. Formalin alone 
in 4 per cent aqueous solution has a general application for all tougher 
material intended for morphological studies and keeps it in a less brittle 
state than strong alcohol. It should be used with great caution on seg- 
mented Rhodophyceae, since these often disarticulate after a few months. 
This can be avoided in part by storing in the dark and using formalin 
neutralized by the addition of borax until the solution gives a red color 
with phenolphthalein, which also will serve for the preservation of calci- 
fied organisms, although if possible these should be kept in alcohol. 
The addition of cupric acetate to saturation in the stock formaldehyde 
solution will yield on dilution to 4 per cent a mixture which will pre- 
serve the green color of plant parts very well. Coarse specimens such as 
equisetums, mosses and ferns for the best results should be placed first in 
a hot solution for a few minutes and then removed to a cold solution. 
Preservation in Stromsten’s fluid (p. 219) is also effective. Methyl alco- 
hol may frequently be substituted for ethyl when the latter is unavail- 
able, but denatured alcohol should be avoided if possible because of 
the cloudiness of the aqueous mixture. 

A formula offered by Keefe is notably free from any tendency to 
shrink and maintains a natural green color: 50 per cent alcohol 90 c.c.; 
commercial formalin 5 c.c.; glycerin 2.5 c.c.; glacial acetic acid 2.5 c.c.; 
copper chloride 10 gm.; uranium nitrate 1.5 gm. This serves as a fixing 
and a preserving fluid combined. For Myxophyceae lo gm. of copper 
acetate may be substituted for the copper chloride plus uranium nitrate. 
The presence of alcohol will prevent the use of this fluid in microscopic 
mounts but the material may be transferred to a mixture from which it 
has been omitted. Material stored in it should not be exposed to sun- 
light. 

3. Decalcification of plant tissues must be conducted in a gentle 
fashion as it is of first importance to avoid distortion due to the libera- 
tion of gas or to the direct action of acid on the tissues. For morpho- 
logical studies of most plants a dilute solution of hydrochloric acid (2 
per cent) is suitable, but for more rapid results a 10 per cent solution 
may be used. The solution should be changed freely until all lime has 
been dissolved. For more gentle action acetic acid may be substituted; 
nitric acid is also used, but is rather violent. 

If a more accurate preservation is desired it is well to effect decalci- 
fication by the use of one of the common fixing fluids, such as chrom- 
acetic, Flemming, or sublimate-acetic. The solution must be used lib- 
erally, and in the case of Flemming the later stages of decalcification 
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may be completed with chrom-acetic if the amount of osmic acid that 
would be consumed is an important item. If gas tends to collect in inter- 
cellular spaces it will interfere with the action of the acid, and even dis- 
tort the tissues, and should be frequently removed by the use of an air 
pump. If the material is rather soft it may be possible to fix with formol- 
alcohol and decalcify after hardening in strong alcohol by the gradual 
addition of acetic acid. 

Formaldehyde, gradually decomposing to formic acid, will eventually 
reduce or remove the calcification from stored specimens, so that if the 
deposit is not great it may soon be dissolved. This is particularly notice- 
able in the case of slightly calcified tropical algae, which after two to 
three years may be completely decalcified. For means of preventing this 
see p. 160. Some phycologists find Perenyi’s solution (p. 559) an accept- 
able decalcifying agent. (See also Bone and Teeth, pp. 346, 360.) 

4. Desilicification of plant tissues is generally effected with hydro- 
fluoric acid. The specimens to be treated are brought into a wax vessel 
or a paraffin coated bottle and flooded with acid, full strength if the 
specimens are heavily impregnated, or diluted to 50 per cent if they are 
softer. Dry woods must be boiled thoroughly and exhausted of air under 
an air pump before introducing the hydrofluoric acid. Capsules of mosses, 
etc., must be punctured with a needle to let air escape. The action may 
take several weeks, and the container should be kept out of doors (as on 
a windowsill) and not in a laboratory, since the fumes are detrimental 
to apparatus. A new proprietary fluid, Diaphanol, has recently met with 
some favor as a substitute for hydrofluoric acid. It may be used for in- 
durated tissues in general, both lignification and chitinization being 
amenable as well as silicification. It is suited for use on partly carbonized 
peats, producing a bleaching as well as a softening effect. 

5. Dehydration and clearing of plant material is to be conducted 
with regard to the condition of the material, bulk or section in form, and 
to the purpose, histological or cytological, to which it will be put. Most 
material of plant tissues destined for histological studies will either have 
been fixed in formol-alcohol or some mixture requiring little if any more 
attention than washing and preservation in 70 per cent alcohol. Mate- 
rial fixed in strong chrom-acetic may, after washing, deserve dehydra- 
tion through 15, 25, 50 to 70 per cent alcohols with three to six hours 
in each change. For work on most root tips and on the development of 
the sporangial structures in phanerogams and ferns the series should be 
extended. If it has hot been possible to actually lay bare the archespo- 
rangium it is not often worth while to extend the series unduly. For such, 
gradations of 10 per cent intervals serve all practical needs and the time 
of immersion may vary from fifteen minutes (small, uncuticularized ob- 
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jects, as delicate root tips) to one to two hours (large ovaries, young 
cones, etc.) . When serious cytological work is contemplated on 
dermatogen cells of root tips or archesporia which have been laid 
bare before fixation, or on easily permeable algal or fungal material, 
the series can advantageously be made more gradual with a 2.5 per cent 
initial stage and after 5 per cent, then 5 per cent gradations to 30 per 
cent and 10 per cent gradations to 80 per cent. Marine organisms should 
sometimes have an alcohol dilution series based on sea water (p. 164) . 
See also the smear methods for plant cytology (p. 165) . 

Recently there have been suggested several substitutes for ethyl alco- 
hol in this process. Dioxan^ appears to be the best of these. This fluid is 
miscible with water, ethyl alcohol and paraffin. Used fluid will give up 
admixed water and alcohol to anhydrous calcium chloride and when so 
rejuvenated may be used for a first treatment of the material. The fresh 
dioxan used before paraffin should be kept dry over calcium chloride, 
but in this condition readily permits its replacement directly by melted 
paraffin in the usual way. (See Chapter I, p. 14.) 

Dufrenoy reports success both on woody tissues and on delicate proto- 
plasmic structures with the use of methylol,^ which is used first in equal 
parts with water, then full strength, then dehydrated with anhydrous 
sodium carbonate, finally in equal parts with paraffin oil. From the oil 
transfer to soft paraffin direct offers no difficulty, and the whole process 
may be completed in three hours. 

Zirkle has recommended the use of N-butyl alcohoF'* for hard or 
brittle subjects. It is necessary to use ethyl alcohol in the lower mixtures, 
so that the process is somewhat more complicated than the foregoing: 


Distilled Water 

Ethyl Alcohol 

Butyl Alcohol 

50 per cent 

40 per cent 

1 0 per cent 

30 

50 

20 

15 

50 

35 

5 

40 

53 


25 

75 . 


Two or more changes of absolute butyl alcohol precede transfer to 
paraffin, which mixes with the butyl alcohol but slowly, and effectively 
only at the temperatures of melted paraffin. The butyl alcohol with the 
specimens should be stratified over paraffin, and after the specimens have 
sunk to the bottom of the wax the supernatant liquid should be poured 

^ Graupner, H., and Weissberger, A. ZooL Anz.^ 96: 204, 1931. 

® Dufrenoy, J. Science, 82: 335, 1935. 

^Zirkle, C. Science, 11; 103, 1930. 
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off and replaced with fresh. The dehydration stages will require about 
an hour each for material of ordinary penetrability, and the stages of 
infiltration about twelve to eighteen hours for the first stages and six 
hours for the last stage. 

For filamentous organisms it is often advantageous after washing, 
simply to place them in 5 per cent glycerin, which is then concentrated 
by evaporation in a warm place (as above a radiator) protected from 
dust. When it is thick and syrupy, material can be stored in it, or for 
imbedding the glycerin can be washed out with 95 per cent alcohol. This 
method can be extended to bulkier tissues (root tips etc.) , but with 
questionable advantage. 

The dehydration of sections is almost invariably effected by passing 
them through a graded series of alcohols. The length of the series is 
determined by the critical nature of the material. For ordinary histo- 
logical studies a sequence of 30, 50, 70 and 95 per cent alcohol should 
be quite enough, and often 50 to 95 per cent will serve. For cytological 
studies the sequence must be more detailed, and care must be taken 
that the surface fluid remaining on the slide from one change is really 
replaced by the higher grade, by dipping the slide several times, or long 
immersion. Dehydration of sections (not in celloidin) is always com- 
pleted with absolute alcohol unless a clearing fluid of special character 
is used. In extreme cases the slides may be laid in flat dishes and de- 
hydrated by the concentration of weak glycerin. Generally a sequence 
of 5, 10, 20, 30, 40, 50, 60, 70, 83 and 95 per cent ending with two or 
more treatments with absolute alcohol is quite correct. More wide- 
spaced changes are justified only when staining with aniline dyes that 
come away readily, and are to be looked upon with suspicion when 
dealing with work of anything like critical character. Carbolic acid and 
glycerin can also be used for dehydration purposes if occasion requires. 
Dehydration of intact specimens, as also of sections, can usually be ac- 
complished by the use of fewer changes than when removing the water, 
as the tendency is to swell rather than to shrink the cells. 

Dehydration can be effected from the water-saturated stage by immer- 
sion of the material in liquefied (aqueous 90 per cent) carbolic acid. 
This is a rough treatment, but suited to the clearing of leaves, etc., 
destined for whole, unstained mounts. Thin sections containing alcohol- 
or water-soluble crystals, etc., can frequently best be dehydrated simply 
by drying on the slide. 

Clearing of sections of plant material is necessary between the alcohol 
and the mounting medium stages. A graded series of absolute alcohol- 
xylol mixtures is the best method, though hardly the least troublesome. 
For plant material the series should be almost as long as for the dehydra- 
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tion of the sections. After 2 to 3 changes of pure xylol the material may 
be placed in 'the resinous mounting medium. Cedar oil may be used to 
clear sections from absolute alcohol, but is rather viscous and easily 
clouds with moisture from the air. Glove oil may be used readily after 
absolute alcohol and will clear from 95 per cent alcohol or even lower; 
it is of great service in cytological and histological work, but for the 
former cannot compete in delicacy with an extended alcohol-xylol series. 
A mixture of 2 parts of red oil of thyme with one part of oil of cloves 
is better and cheaper than pure oil of cloves; it does not destain quite 
as rapidly. Aniline oil may be used to clear from alcohols of as low as 
90 to 95 per cent, but is hard on stains and of no cytological value. For 
use with celloidin a mixture of carbolic acid (crystalline state) and xylol 
(about 25 per cent of carbolic, or less) is best, as it clears easily and 
safely from 95 per cent alcohol, and does not seem to hurt stains. 
Eycleshymer’s fluid is sometimes ruinous to stains. After any of these 
clearing fluids it is necessary to wash out thoroughly with xylol, as most 
of them have some effect on the dyes or the mounting medium. Benzol 
and toluol may be substituted, if desired, for xylol in most procedures. 

Clearing of plant material in bulk for paraffin imbedding is effected 
with the same substances that are used for sections. The best, by far, 
are cedar oil, and xylol in an absolute alcohol-xylol series in which the 
strength intervals must be closer than for sectioned material, and the 
periods of immersion longer; perhaps half an hour in each grade for 
root tips. With cedar oil it is customary to place some oil in a vial and 
an equal volume of absolute alcohol containing the material above it. 
As the objects sink through the surface of the oil they become gradually 
impregnated. When on the bottom the specimens should be washed for 
some time with fresh oil, then washed clean of it in xylol, and infil- 
trated. The alcohol-xylol series is much the most precise. 

Dehydration of marine plant material may be somewhat complicated 
by the presence of dissolved salts. While it is generally easiest gradually 
to replace a fixing fluid with fresh water after killing marine plant tis- 


Water, Fresh 

! 

Water, Salt ; 

Alcohol 

5 parts 

90 parts i 

5 parts 

10 

80 

10 

20 

65 

15 

30 

50 

20 

35 

35 

30 

40 1 

20 

40 

50 . 1 

1 


50 
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sues, it is sometimes desired to dehydrate immediately after washing with 
salt water, or without previous washing. In such cases the preceding table 
of fresh-salt water mixtures will generally enable the material to be 
brought into 50 per cent alcohol without shrinkage or cloudiness, but 
intermediate stages may be interpolated for most critical studies. 

II. Reduction of Material to Physical Proportions within Range of 
Microscopical Observation 

I. Non-Section Methods. 

a. Smearing, The acetocarmine method as adapted to plants by Bell- 
ing^ is unsurpassed for immediate results in making chromosome counts 
and other observations of an urgent nature. The preparations secured 
are essentially temporary, although they may be converted to semiperma- 
nency. More than one schedule is available. 

The acetocarmine stock is prepared by boiling an excess of powdered 
carmine in 45 per cent glacial acetic acid. In a drop of this the anthers 
are teased out with steel needles and mounted. The chromosomes will be 
reddish, darkening or keeping to purple. A second schedule calls for the 
addition of a trace of ferric hydrate solution to the stock acetocarmine, 
stopping short of the production of a precipitate. Then dilute with an 
equal quantity of unmodified acetocarmine. Tease out the anthers with 
nickel instruments. The third schedule involves fixing the anthers in a 
mixture of 1 part of glacial acetic acid to 9 parts of absolute alcohol 
which has been colored brown by ferric hydrate (the amount varied to 
produce the best results) . After days, or even weeks, the anthers are 
teased out in the original acetocarmine with nickel instruments. 

This method has been enthusiastically adopted and with it many 
valuable results have been obtained. As the cytoplasm swells after a 
time the chromosomes can be squeezed apart from each other by pressure 
on the cover glass and this often facilitates counting. Belling recom- 
mends''^ the use of water-immersion objectives and of green light screens 
(Wratten filter 57a or 58) in the observation of acetocarmine prepara- 
tions. How much more than the count can be effectively studied with 
this method is uncertain to the present writer. A method designed to give 
permanent preparations has been elaborated by McClintock® according 
to which anthers are collected and placed in a solution of one part 
glacial acetic acid to 3 parts of absolute alcohol. They are best used after 
twelve to twenty-four hours, but may be left in this solution for several 

* Belling, J. Amer, Nat., 1921. 

^ Ibid., igz$. 

^ McClintockr B. Stain Technology, 4,: 53, 1929- 
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weeks. To use, the contents of the anthers are squeezed into a drop of 
Belling’s iron-acetocarmine mixture. When all fragments of anther wall 
and other debris and covering are removed, the slide is to be passed over 
a flame for a second 4 or 5 times. If the slide is then put into a Petri dish 
of 10 per cent acetic acid the cover glass will soon separate from the 
slide. Both slide and cover are then to be run through successive solu- 
tions consisting of 25 per cent, then 10 per cent glacial acetic acid in 
absolute alcohol in turn, followed by absolute alcohol and then absolute 
alcohol and xylol to pure xylol for mounting in balsam. This same 
investigator^ has found that if the slide after heating is subjected to 
careful pressure on the cover glass the chromosomes even in early stages 
will separate and spread out so as to be much more readily studied, 
though it may not be possible to make such smears permanent. 

A method which is rather more precise has recently been tried ex- 
tensively by Steere.^ In this, test anthers are stained in hot acetocarmine 
in the usual way; the anthers promising satisfactory stages are smeared 
by Taylor's method (p. 168) but fixed inverted on steaming hot aceto- 
carmine solution. After one to ten minutes they are transferred through 
66 per cent glacial acetic acid in absolute alcohol, 33 per cent glacial 
acetic acid in absolute alcohol, pure alcohol, alcohol-xylol mixture and 
pure xylol to be mounted in balsam. The process gives dark red or pur- 
ple chromosomes on a nearly colorless background in five to fifteen 
minutes. 

The hematoxylin-halsam smear method^ yielding permanent results, 
was adapted to plant material by the writer some few years ago. Micro- 
spore mother-cells were so ''smeared" as to cause the cells to adhere to the 
slip without any artificial cementing agent, but sufficiently strongly that 
they could be stained and mounted in position. Originally designed 
simply to facilitate chromosome counting, it became evident that the 
method was fitted to give results that would establish quite new stand- 
ards in preparations of nuclear structures. Various types of temporary 
preparations have been developed (p. 165) which serve tolerably for mak- 
ing chromosome counts, yet none seem worthy of serious consideration 
in studies on the critical prophase and telophase stages or on chromosome 
stmcture. Those based on acetic acid, especially, afe objectionable for 
their distortions of chromosome shape and of the spireme. While the 
chromosomes retain many of their structural features (constrictions, 
etc.) they are not usually accurately represented. The inethod devel- 
oped by the writer retains all the best features of the invaluable chrom- 
osmo-acetic fixation method. It applies this fluid under the only con- 

’^McCintock, Proc. Nat, Acad. ScL, 16: 791, 1930. 

^ Steexe, 'W, C. Stain Technology , 6: 107, 1931. 
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ditions in which it can perform its best service, namely, with the 
important cells directly exposed to the unimpeded action of the fixing 
solution, and with almost instant contact of cells and solution. The cells 
after fixation can be washed, stained, dehydrated and mounted in balsam 
by Heidenhain’s hematoxylin technique, the most accurate devised for 
nuclear studies. Shrinkage of the protoplast is enormously reduced (often 
apparently eliminated) and this is not merely due to the unbalanced 
swelling action of acetic acid. In addition to the orthodox technique 
this method offers by far the most crucial opportunity for testing other 
fixing fluids and their variants or adjuvants, because since the cells stud- 
ied are directly exposed to the fluid there is no question as to the filtering 
action of superposed cell layers (anther walls, etc.) . The precision of 
response to changes in the fluids is much greater by this method than 
by any other. By it the writer and his students have been able to secure 
most valuable data on the structure of the spireme, to demonstrate the 
chromosome tetrad in the late prophases and the structure of the 
chromosomes, to determine most accurately the constrictions related to 
the spindle fiber attachment, and to reduce or even eliminate the con- 
traction feature which was supposed to be an essential element of the 
synizesis (synapsis) stage, provided the material is in such a state as 
to permit smearing at this meiotic period. The chromosomes show far 
less tendency to clump than in imbedded and sectioned material. The 
cells can be scraped loose from the slide and caused (by local pressure) 
to rotate in the balsam under observation so that all views may be seen 
of a single meiotic or mitotic figure. The mounts are, of course perma- 
nent records, which is not the case in the glycerin or acetic methods. 
As was noted when the process was originally described: 

“Because the cells are spread out in a single layer and in immediate contact 
with the fixing fluid, the quality of the fixation may be very high. The karyo- 
lymph is precipitated in a uniform and delicate way, giving the much desired 
‘solid fixation’ of the nucleus, as a result of which the chromatin elements retain 
their normal position within the membrane, resisting the tendency to clump at 
various stages so familiar in paraffin material. The cells are entire, and the ob- 
server may work without the necessity of accounting for parts of one cell dis- 
placed in two or three sections. This is not always an advantage, but in making 
chromosome counts it is much to be desired, and this method gives entire meta- 
phase plates without broken or cut chromosomes. It might be thought that the 
making of the smear would rupture the pollen mother-cells, or at least displace 
the contents within them, but it is found that most of the cells escape damage, 
and in the others it shows so obviously that there is almost no possibility of con- 
fusing normal and abnormal conditions.” 

The method has been used in extended studies on Gasteria and 
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Velthernia by the writer, and by Kaufmann (p. 170) on Tradescantia 
(Rhoeo) and Podophyllum. It has also been used on several other forms, 
such as Haworthia and Pitcairnea. 

The use of spring rye has proved very advantageous for instruction 
in this technique. The chromosomes are few and large. The plants can 
be matured in pots in the greenhouse in very few weeks and the heads 
show sufficient range of stage to make them convenient for student use. 
Test samples should be taken well before the heads leave the sheaths. 
In the winter they will be ready in about ten weeks and in the summer 
in about four weeks after planting (Davis) . The genus Gasteria with its 
long racemes furnishes an abundance of easily grown material with a 
wide range of stages, but the plants must be carried over from year to 
year, and the season is of but a few weeks’ duration. 

The important limitations of the method are, first, that it can be 
applied only to cells not joined together by a firm middle lamella. In 
higher plants this means, essentially, spore or microspore mother-cells 
after they have begun to round up (the beginning of the breakdown of 
the archesporium) although occasionally a fairly intact archesporium 
may smear tolerably well. Secondly, the thick jelly-like wall around the 
microspore mother-cells and the quartets (tetrads) interferes with the 
use of aniline dyes as counter-stains, although safranin and some others 
can be used as satisfactory single stains. It does not succeed well on 
species which are heavily gorged with stainable food material during 
the maturation divisions, or on pollen grains after the coagulable mate- 
rial in the anther sacs has disappeared. 

The method was originally described in part as follows: 

‘The fixing fluid used is a chrom-osmic-acetic mixture of the following con- 
stitution: lo per cent acetic acid 2 c.c.; 10 per cent chromic acid 0.2 c.c.; osmic 
acid dissolved to 2 per cent strength in 2 per cent chromic acid 1.5 c.c.; distilled 
water 8.3 c.c. About 1 per cent of maltose has usually been added to this fluid, 
which will probably have to be modified to suit each plant on which it is used. 
A slender glass rod is laid in the bottom of a Petri dish, and enough of the fixing 
fluid poured in to cover it. It has been found more convenient to use slides than 
cover glasses, and these are cleaned by long immersion in battery fluid, rinsed, 
and dried with an absolutely clean cloth. The anthers are excised, and as soon 
as collected are crushed and spread over the center of the slide with quick 
strokes of a clean scalpel, which must be honed flat and smooth on the face or 
the smear will not be a success. The slide must be immediately inverted on the 
fixing fluid, bringing it down in a horizontal position, so that the whole smeared 
face is wet simultaneously. The time from the first crushing of the anther to 
fixing should not exceed three to five seconds. If the slide is brought down on 
the fluid in an oblique position much of the material will wash off. The slide 
may stay in the Petri dish, resting on the glass rod for a few minutes, while a 
second is prepared and placed beside it; then it may be removed, turned right 
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side up, flooded with the fluid, and left for the full time of fixing, or about 
fifteen minutes. The slides are then to be washed in changes of water ip staining 
wells for about an hour, and any large pieces of anther walls, filaments, etc., 
which have not broken loose, can be picked off with a needle. A preliminary 
inspection of the material also can be made, and slides showing stages which are 
not desired may be discarded. The developing pollen mother-cells adhere excel- 
lently, and rough rinsing does not dislodge them. Smears of pollen grains are 
quite easily made, so long as they are still surrounded by viscous fluid in the 
anther, and a very fair fixation may be secured through the chitinous wall, so 
that the first mitosis within the pollen grain may be critically studied. 

“If the slides are to be stained at once, they are then bleached in diluted 
aqueous hydrogen peroxide, rinsed again, and placed in 2 per cent iron ammonia 
alum solution; or they may be partly dehydrated and held in 70 per cent alcohol 
for later staining. After four to twelve hours in the iron alum they are again 
washed most carefully for fifteen minutes or more in running water, and stained 
for four to twelve hours in 0.5 per cent aqueous haematoxylin solution, followed 
by another rinsing, destaining under observation in the iron alum, and an hour 
of final washing. Dehydration is to be accomplished gradually through alcohols 
by 10 per cent stages, but the slides need remain in each stage only two to three 
minutes. Clearing must be done by mixtures of xylol and absolute alcohol, of 
which about four intermediate stages seem to be enough. In this connection it 
must be noted that the somewhat mucilaginous walls of the developing pollen 
mother-cells are intact, and as a result any great change in the density of the 
successive solutions into which the slides are introduced is sure to cause collapse 
of the walls and shrinkage of the protoplast. After the smears have come from 
pure xylol, very dilute xylol balsam is dropped on them and allowed to concen- 
trate by drying for a few minutes before the cover glasses are put in place. 

“The chief difficulty encountered is that of getting a brilliant stain, but the 
writer has eventually succeeded in doing so in those plants which he has so far 
tried. The haematoxylin and iron alum must both be of the best grade and in 
good condition, but in spite of care some batches of slides will show a muddy 
stain. Passable results can be secured within a single working day by shortening 
the staining periods, thus enabling chromosome count work to be done very 
rapidly, with the advantage over the acetocarmine method of permanency of the 
slide records.” McClung^ has published critical studies of fixative action on 
smears of animal tissue. 

The use of alcohol alone as a fixing fluid for plant material is not gen- 
erally to be advised except for simple morphological studies. However, 
it has been used successfully for smears by Yasui^^^ who found that a con- 
centration of between 75 per cent and 95 per cent was most effective, and 
saved much time by avoiding the washing and dehydration stages. It is 
recommended for use before Fuelgen’s stain rather than for critical struc- 
tural cytology. 

®McClung, C, E. Record, 14: 365, igig. 

Yasui, K. Cylo/ogia, 5: 140, 1933. 
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Working in the present writer s laboratory, Kaufmann has studied 
the adaptation of this smear method to a variety of materials, and has 
recently offered a very valuable modification of it. His results demonstrate 
a remarkably consistent spiral structure in meta- and anaphase plant 
chromosomes and enable a fairly continuous interpretation of the mitotic 
cycle to be presented. He suggests the following plan^^ : 

“The present writer [Kaufmann] encountered the same trouble [occasional 
muddy stain] in early efforts to secure consistently good results, but the following 
alterations in the staining schedule increased materially the proportion of usable 
slides. Instead of mordanting in 2 per cent iron alum for a period of four to 
twelve hours, as suggested by Taylor, the same concentration was used for forty- 
five minutes to one hour. Washing in running water followed for about ten to 
fifteen minutes. The staining process was curtailed to twenty or thirty minutes in 
a 0.25 to 0.50 per cent solution. The necessary time can be estimated after a few 
trial experiments by the color concentration in the cells. As soon as a deep pur- 
plish-black appeared it was found advisable to transfer the slides to water. Differ- 
entiation in the 0.50 per cent solution of ammonioferric alum then could more 
often be completed prior to the appearance of a muddy color than was possible 
with the prolonged staining. 

“The iron alum was diluted as desired from a 20 per cent stock solution. 
The haematoxylin was of American manufacture and certified by the Com- 
mission on the Standardization of Biological Stains. No advantage seemed to 
accrue by allowing the solution to ‘ripen’ for any considerable time. Often the 
crystals were dissolved not more than one hour prior to the time of staining. 
The solutions were used but once or twice as a further caution against the 
muddy color. 

“ . . . The curtailed periods of staining facilitate the handling of a con- 
siderable number of slides in the course of a day. If a suitable plant is available 
which shows active cell division during the morning hours, it is possible to smear 
40 or more slides at that time and to present the permanent mounts by evening, 
d'he writer has found a flat honed scalpel with a straight cutting edge the most 
advantageous for making smears. Small anthers like those of Tradescantia and 
Rhoeo can be crushed and the contents spread with one stroke of the scalpel. 
While spreading the cells an effort is made to increase gradually the pressure on 
the scalpel. In this way some cells will usually be found deposited in but a single 
layer, although others may be crushed. Some excellent preparations of chromo- 
some structure have been obtained at that intermediate zone where the pressure 
on the scalpel was great enough to rupture the cell wall but not sufficient to 
destroy the protoplast. Success in preservation is due evidently in these cases to 
the instantaneous penetration of the fixative. 

. . Of the various fixatives employed the chrom-osmic-acetic acid and the 
picric-acetic-formaldehyde combinations proved the best. In most cases penetra- 
tion was enhanced by the addition of such adjuvants as lactose, maltose and urea 

Kaufmann, B. P. Stain Technology ^ 1927. 
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in concentrations ranging from 1 to 5 per cent. It is impossible, however, to detail 
a single formula which proved adaptable to all phases of meiosis. For example, 
Bouin’s fluid plus maltose was excellent for preserving the later prophase stages 
of the first maturation division but was not so adaptable to other phases.” 

Newton^^ has recommended the use of gentian violet as a stain, fol- 
lowed by dehydration in alcohols containing 1 gm. per cent each of 
iodine and potassium iodide, whereby it is possible to obtain stains of 
any intensity required, while the transparency of the cytoplasm renders 
easy the examination of thick sections or smears. The gentian- or crystal- 
violet stain as applied to a fixed smear may be superbly differentiated, 
as shown by an example (Tulipa) kindly sent to the present writer, 
who has in confirmation also secured very fine differentiation on root 
tip (Allium, Fritillaria) material. If destaining with iodine solution is 
too slow it may be alternated with clear alcohol. Observation of such 
slides is further facilitated if a Wratten B green screen is used below the 
microscope condenser, whereby the stain appears almost as black, clean- 
cut and sharp as in a hematoxylin preparation, or they may be used 
with a Wratten K3 yellow screen, when the stain appears a deep, sharp 
and rich red. 

A modification of this process has been suggested by F. H. Smith^'"* 
in which the rather extreme transparency which is sometimes unavoid- 
able may be mitigated and fading tendencies reduced. The slides are 
mordanted after dehydration with a solution composed of 1 per cent 
each of iodine and potassium iodide in 80 per cent alcohol. They are 
then removed directly to water and stained in filtered aqueous saturated 
crystal violet for five to ten minutes, again rinsed, treated directly with 
the iodine solution, rinsed in 95 per cent alcohol and rinsed in absolute 
alcohol saturated with picric acid and clear absolute alcohol in turn. 
Differentiation is effected in clove oil. The extreme changes between 
strong alcohols and water limit the usefulness of this method. 

Tuan's Safranin and Picric Acid Technique. There has always been 
considerable difficulty in differentiating safranin O stain sharply and 
eliminating all muddiness from the cytoplasm, particularly in smear prep- 
arations. Tuan^^ has suggested the use of picric acid as a controlling 
agent in the destaining process, and this .gives very dependable results. 
Smears fixed by Taylor’s method (p. 168) are washed, bleached, washed 
again and stained in sat. aq. safranin O for five to ten minutes, and again 
rinsed in water. Dehydration is begun with 10 per cent alcohol saturated 
with picric acid, and completed with a long series of alcohols each with 

’^ Newton, W, C. F. Linn. Soc. J. Bot., 1927. 

Smith, F. H. Stain Technology, 9: 95, 1934. 

^^Ttian, VL.-C, Stain Technology,^: 103, 1930. , 
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1.5 per cent picric acid. The picric acid is removed in the neutral 95 per 
cent alcohol stage by adding a small amount (less than 0.5 per cent) of 
ammonia water, and immediately washing with pure alcohol. After this 
the slides are prepared as described in that smear method for balsam 
mounting. Sections should have a longer staining period, about thirty 
minutes to three hours, and should have five to ten seconds in each 
alcohol instead of about two minutes. If the stain is too dark the time 
in the alcohols may be increased. The chromosomes in the slides pre- 
pared by this process should be brilliant red and the cytoplasm color- 
less. If the ammonia stage is omitted the cytoplasm may remain yellow. 

Backman's Alizarine Fixing and Stainmg Method. There is much 
demand for a method which will yield stained preparations suitable for 
making chromosome counts in the shortest possible time which will also 
be essentially permanent in nature. The solution organized by Back- 
man^^ for this purpose is compounded as follows: Anthraquinone, sat. 
aq. sol., 75 c.c., formaldehyde, 25 c.c., acetic acid, c.p. 99.5 per cent, 5 c.c., 
alizarine red S, 0.125 gm., saponin 0.15 gm. Before using this it is neces- 
sary to add 8 to 12 drops of a normal solution of a metallic salt. The 
tone varies with the salt chosen, and aluminum chloride, hydrated cop- 
per nitrate and feme chloride are all suitable. Just as much salt should 
be added as the mixture will hold without precipitation of the hydroxide 
while the solution is in use. Smears were prepared according to Tay- 
lor’s method (p. 168) but fixed three to five minutes in the solution given 
above, washed in tap water two to five minutes, dehydrated through the 
long alcohol series for one minute in each stage, and differentiated with 
0.5 per cent alcoholic sulphuric acid saturated with picric acid until the 
chromosomes are defined, this usually being accomplished in a few sec- 
onds. The slides are then washed with 95 per cent alcohol. The stain 
becomes darker with time, but if it is desired to hasten the process the 
addition of 4 per cent cymene to the last alcohol will accomplish this. 
The smears are then prepared for balsam through the longer absolute 
alcohol - xyloh series. Sectioned material may also be prepared by this 
method, but the staining may take six to eight hours. Smears may be 
made ready for study in a very short time, so that a hundred slides pre- 
pared in sequence may be carried through the process in two hours while 
the Newton method requires about six for the same number. A green 
screen used before the light when examining slides stained by this 
method will increase the visual contrast afforded. 

Since the procedures outlined here are rather new to botanists they 
have been given in detail in order that no lack of reasonable sugges- 
tions should prevent their wide and careful trial. They do not relieve the 

^^Backman, E. Stain Technology, 10: 83, 1935. 
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technician from the necessity of intensive effort in mastering the method. 
For its finer results this smear method calls for a building up of personal 
skill quite equal to that required for mastering the paraffin method, and 
must be attained in part independently of a knowledge of that method. 
Zoologists have used smear methods effectively in many of their most 
critical studies for many years, and a real advantage is to be gained by 
their adaptation to plant cytology. 

The adaptation of the smear method to coherent plant tissues seemed 
unlikely, but the use of strong acids has been found to soften the middle 
lamella of meristems enough to allow them to be dispersed by pressure. 
Warmke^^ directs that root tips be killed in 1 part glacial acetic acid and 
3 parts of absolute alcohol for twelve hours or more. They are then im- 
mersed in 50 per cent hydrochloric acid in 95 per cent alcohol for five 
to ten minutes, and then transferred to Carnoy’s fluid for five minutes. 
Very small bits of cut-off tip are placed with a drop of acetocarmine solu- 
tion on a slip, crushed by pressure of a scalpel tip, covered, and gently 
and carefully heated. Mounts may be sealed, or made permanent by the 
McClintock method. With sufficient pressure the protoplasts may be 
much flattened and the long metaphase chromosomes spread out evenly. 

b. Teasing methods are excellently adapted to many botanical in- 
vestigations. Much easily disorganized plant material is readily separated 
into its constituents by patient work with fine dissecting needles. The 
motion used should be a stroking or combing one, following the direc- 
tion of the fibers, if of filamentous or fibrous nature. The general opera- 
tion is similar to that used on animal material (p. 36) . It is frequently 
of advantage to give a brief maceration before attempting to tease mate- 
rial apart. Extremely delicate filamentous algae or fungi are generally 
teased after partial dehydration and hardening. Rarely is it of advan- 
tage to tease material after clearing or infiltration with balsam, but the 
method may be employed when the products are too minute to be 
readily retained otherwise (asci of Peziza, vjood fibers in small quantity) . 

c. Maceration of plant epidermis to facilitate its removal for studies 
of hair or stomata may sometimes be effected by mechanically stripping 
the slightly wilted leaf or stem. In most cases, however, the mesophyll 
(or cortex) tends to adhere and must be loosened before stripping. For 
the most delicate leaves scalding or boiling may suffice. More resistant 
cases usually respond to boiling in a solution of KOH (5 per cent, 
stronger or weaker as results indicate), until the tissues become trans- 
lucent and tests show that the epidermis comes away most readily. A 
very careful brushing of the inner surface will generally clear away 
mesophyll debris. In some cases (Sarracenia) the epidermis cannot be 

Warmke, H, E. Stain Technology, 10: loi, 1935. 
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stripped, but the epidermis of the partly macerated leaf must be scraped 
free from subjacent tissue with a scalpel, or the HNO3-KCIO3 method 
(below) may be adapted with favorable results. After the maceration 
fluid has been washecl out of the material it may be stained with eosin 
and mounted in 2 per cent acetic acid or glycerin, or mounted in glycerin 
jelly, or stained with safranin or other suitable dye, dehydrated and 
cleared for mounting in balsam. 

d. The maceration of woods to yield wood fibers is an important 
method because the study of the individual types of tracheal elements 
in vascular tissues is best effected with isolated fibers. Longitudinal sec- 
tions permit but a single view of a given fiber and rarely all of it, while 
suitably macerated fibers show in their full extent. Bundles from an 
herbaceous fern (such as Pleris, which responds very well) or mono- 
cotyledons are best separated by hand from the surrounding soft tissue 
and are cut up into convenient lengths (2 to 10 mm.) * Wood from 
perennial arborescent types (as for instance Tilia) is reduced to very 
thin longitudinal chips or shavings. The material is then gently boiled in 
50 per cent HNO3 with the frequent addition of crystals of KCIO3. It is 
well to stop treatment when the pieces of material begin to fray out at 
the ends, but the exact point must be experimentally determined for 
the particular subject. Wash with several changes of water by settling and 
decanting, and examine. Boil in safranin O or another strong aniline dye, 
wash and dehydrate very quickly with 95 per cent alcohol (2 or more 
changes) , absolute alcohol and xylol, allowing the material to settle and 
decanting the liquid. Nigrosin (saturated) in saturated aqueous picric 
acid is also a useful stain. While dehydration must be thorough, de- 
colorization is rapid and dehydration must be rushed as much as possible. 
The addition of a small portion of xylol to the second and subsequent 
alcohols will reduce the loss of the stain. Material cleared without stain- 
ing may sometimes be satisfactorily stained in xylol by adding a few drops 
of a clove oil solution of the dye (as of light green) . Maceration of woody 
tissues may also be effected with very strong hot aqueous chromic acid 
(30 per cent or stronger) . This method is also used to demonstrate the 
laminated wall structure of Tribonema (Heterokontae) and other algae, 

2. Section Methods. 

a. Grinding. The preparation of fossil plant material lot micro- 
scopic study does not offer much variety of method. Something may be 
learned of the structure of semifossilized peats or of soft brown coals by 
macerating and bleaching small pieces with Diaphanol, nitric acid, or 
aqua regia, with subsequent washing and teasing out of the tracheids, 
spores or pollen grains. Or the samples may be desilicified with hydro- 
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Huoric acid and sectioned in the sliding microtome with or without im- 
bedding in celloidin under pressure. Jeffery recommends that the ma- 
terial be soaked in carbolic acid under pressure in a wired stoppered 
bottle in a paraffin oven both before and after the hydrofluoric acid 
treatment, and the repetition of the treatments with both chemicals, if 
needed. The periods of immersion in each should be about a week. 
Staining is not usually practicable, and bleaching (p. 184) is often indi- 
cated. Sometimes fragments of tracheids or epidermis can be removed 
from fossil impressions of leaves or twigs by aid of Diaphanol or nitric 
acid, but generally microscopical observations are effective only on mate- 
rial infiltrated with silica, etc., without destruction of internal tissues. 
Harder bituminous coals and fossil woods, seeds, etc., are generally sec- 
tioned by grinding. With a hack-saw and a blade of the hardest temper 
(for cutting steel, etc.) thin slabs should be cut in the desired plane 
through the specimen. Nuts, seeds and small or irregular pieces of hard 
material may be set into a soft mass of the so-called wood putty or 
“plastic woocV which when hardened will grip it firmly for sawing or 
polishing. For detailed directions regarding grinding sections see p. 353. 
Radial (and often tangential) slabs can frequently be split from fossil 
woods with a cold chisel. After the specimen has been ground as thin as 
possible while held in the hand, one surface is polished. A heavy glass 
microscope slip or a piece of plate glass is to be ready and clean, and a 
polished surface of the specimen is cemented to this with the resin- 
lanolin cement used hot (p. 200). If the cement is too flexible it may 
be of advantage to reduce the amount of lanolin. As soon as firm and 
cool the final grinding may begin. After grinding and final washing and 
drying with alcohol the specimen is to be very carefully slid off the 
grinding slip, well cleaned with xylol and mounted with thick warm 
balsam, the cover weighted to squeeze, out excess fluid, and allowed to 
harden. As the specimen approaches desired thinness the danger of its 
breaking up increases enormously, and great care is required, especially 
to see that the specimen is of equal thickness throughout, and that the 
two surfaces are therefore parallel. This is particularly hard with dense 
black material. Some especially friable specimens have to be saturated 
with resin before grinding, and cannot be freed from it or the grinding 
slide before mounting for fear of breaking to pieces. All that can be done 
is to give a careful washing with water, perhaps a dip through alcohol, 
finally drying and covering with balsam and a coverglass. 

h. Feeling, The preparation of fossil plant materiaL^ has been 

’’^Jeffery, E. C. Anatomy of Woody Plants. Univ. of Chicago Press, 1917. 

Walton, J. Nature, 122: 571, 1928. 

Ch'aham, R. Stain Technology, 8: 65, 1933. 
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greatly facilitated by a short-cut applied to the grinding method just 
described. A chosen plane of the specimen is exposed and polished. This 
surface is etched by 5 per cent hydrochloric acid in water for thirty to 
sixty seconds. Over the etched surface there is then flowed a liquid com- 
posed of 20 second nitrocellulose 20 gm., tech, butyl acetate 200 c.c., 
methyl phthalate 1 c.c., toluene or xylol 10 to 20 c.c. The films may be 
allowed to dry from four to forty-eight hours and are then marginally 
loosened by a sharp blade and peeled carefully off from the specimen to 
be washed in dilute hydrochloric acid, in water, and then dried between 
blotting paper sheets under pressure. When dry tlm ‘'peels’’ are cleared 
in Eycleshymer’s fluid and mounted in balsam. 

c. Cutting. Free-hand sectioning of plant tissues gives the opportu- 
nity for answering so many of the simpler questions which arise re- 
garding structural conditions in larger plants that all students should be 
compelled to acquire a considerable facility in the process. For the 
cruder examinations a safety razor blade held in the fingers or in a flat 
holder will serve, but for the exercise of skill in producing sections 
worthy of preservation a regular heavy sectioning razor should be em- 
ployed. This must be ground absolutely flat (or at most imperceptibly 
concave) on the back, and honed flat with the imperative avoidance of 
a secondary bevel near the edge. No “honing back” such as is used on 
paraflin knives can be tolerated here. The upper face should be ground 
concave, and held evenly on the hone in sharpening. 

The material to be cut is placed between two split pieces of elder pith 
(p. 178) and held in the left hand supported against the thumb by the 
forefinger. The razor is held as in shaving by the right hand and rested 
on the bent forefinger as it is drawn in long sweeping strokes from heel 
to tip across the specimen. If the arms are resting on the table or against 
the body there is no likelihood of cutting the supporting thumb even 
when this is held in the correct fashion much higher than the specimen. 
The sections obtained will not be as continuous or as uniform as a micro- 
tome delivers, but they will reflect in quality the care of the technician, 
and the speed with which a specimen can be sampled will often more 
than compensate for a slight loss in quality. 

Hand Microtome Sectioning of Plant Tissues. Intermediate in con- 
venience between free-hand sectioning and the use of the large sliding 
microtomes come the hand microtomes. 

The essential feature of these is that the knife is not attached to the 
instrument, but is held in the hand and slid across the glass top of the 
instrument. It may be a chisel shaped knife or a hand razor, and in the 
latter case must be held firmly flat on its back upon the instrument. The 
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specimen is held in a clamp and this is pushed toward the top by a screw 
at the bottom of the tube, the drum head of the screw being graduated 
to indicate the degree to which the specimen is raised by the parts of 
each revolution. An emergency instrument of this type is afforded by a 
spool of appropriate size, through the hole of which the specimen may 
be pushed and held by one hand while the razor is drawn across the 
end with the other. 

Sliding microtome cutting gives the most exact method of preparing 
sections of uninfiltrated plant material. While reconnaissance observa- 
tions of root, stem or leaf anatomy will usually be most quickly and 
satisfactorily performed upon free-hand sections, the material for final 
staining and preservation as research data will best be made with an 
accurate sliding or sledge microtome. Either living or preserved plant 
material may be sectioned without imbedding provided it is sturdy 
enough to withstand clamping in the carrier. For the harder woods, 
seeds, etc., see p. 175. Soft tissues may be imbedded, as in celloidin 
(p. 180) or paraffin (p. 179) , or frozen (p. 178). Stems and roots of 
ordinary hardness {Pelargonium, Helianthus) are cut to appropriate 
lengths and placed between the jaws of the clamp. It is well to pro- 
tect the material by placing it between split pieces of elder or sun- 
flower pith (p. 178) , or even better between pieces of carrot which 
have been kept fresh and turgid by soaking in water. The knife should 
be set in as oblique a position as practicable so as to give a long slanting 
stroke, but for hard tissues the knife may bend too much in this posi- 
tion if it has not a clamp at both ends, in which case only the edge toward 
the heel can be used. When a knife has been sharpened in a “honing 
back” it must be tilted to a proportionately greater angle in the holding 
clamp. Otherwise it will not properly “clear” the specimen in passing 
over the cut face. The knife and specimen should always be kept flooded 
with water, or with alcohol of 50 to 70 per cent on preserved or soft 
material, and the sections removed with the finger or, if great caution 
is exercised, with a cameFs hair brush. Sections may be cut at 10^ to 20 fx 
if they are very favorably adapted to the method {Populus, Tilia) but 
spongy collenchymatous tissue (Dieffenbachia) may have to be cut as 
thick as 100^ or more in some cases. Leaves may be cut in bundles, or 
rolled up, many sections resulting at each stroke of the knife. Very slender 
roots, moss stems, setae, etc., may be cut in bundles also, and through 
the later stages handled with a pipette. Softer woods should give no 
trouble for sections in any plane, but when harder they may have to 
be boiled for a time to soften them or treated as on p. 162. Generally on 
this material it is necessary to hone the knife after every few sections 
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are cut. In this way it may be possible to avoid a wire edge. Hard stems 
and woods are often difficult to cut if imbedded in paraffin, but if the 
imbedded specimens are trimmed close to the end and soaked in dis- 
tilled water for a few days or weeks they are often found to cut very 
readily. Silicified or carbonized material must be treated with hydro- 
fluoric acid as on p. 161. 

Rotary Microtomes, These are used for cutting sections of plant 
material imbedded in paraffin in exactly the same way that they are used 
for animal material (p. 17). As it is often necessary to sample large 
quantities of material before deciding which specimens are to be finally 
completely reduced to sections and preserved, botanists prefer to leave 
the specimen attached to the block which holds it in the microtome until 
the test slides have come through the staining processes. This often neces- 
sitates a very large number of supporting blocks. These can most eco- 
nomically be prepared by cutting a ^ inch board of white pine trans- 
versely into strips 1 inch wide. These can be quickly split into the desired 
sizes with a heavy scalpel. One end of each block should be dipped into 
hot paraffin before mounting any specimens upon it, in order that the 
pores may become filled with paraffin and the specimen enabled to stick 
better. One inch lengths cut from dowel rods of appropriate diame- 
ter are very convenient. 

Pith for Protecting Plant Tissues. This is used when sectioning with- 
out infiltrating. Pith is usually derived from the elder or sunflower. It 
is less liable to become soggy when sections are cut if it is soaked and 
kept until used in an equal mixture of 95 per cent alcohol and glycerin. 
Since this fluid penetrates slowly it is advantageous to prepare pith for 
several years in advance of anticipated need. For many purposes fresh 
root of carrot is preferable. 

The Freezing Method of Imbedding. This has little general use for 
plant material. It is, however, important in dealing with fragile patho- 
logical specimens and with soft or gelatinous algae. The usual method 
should be followed (p. 32) . Fixed material should generally be brought 
to formaldehyde (about 4 per cent) and specimens should be coated 
with egg albumen, gelatin or gum-arabic and attached by it to the carrier. 
The sections may be handled in Syracuse watch glasses or laid upon slips 
coated with gelatin and cooled. The slides are later warmed to cause the 
sections to adhere and then treated as in the paraffin method (p. 179) , 
avoiding dyes which might persist in the gelatin. 

The Gelatin Method of Imbedding. This is frequently of advantage 
when there is occasion to give special support to fragile plant tissue 
which is liable to crumble and which becomes brittle in celloidin, such 
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as diseased bark and woods. Gelatin is allowed to absorb as much water 
as possible, drained, melted, and the wetted material, cut into as small 
blocks as practicable, is soaked in this solution. After some hours it is 
oriented on wooden blocks, the gelatin allowed to cool, and toughened 
in 10 to 20 per cent formaldehyde. The material should be cut with the 
knife flooded with water. If the sections are sufficiently strong the gelatiii 
may be removed with hot water, without or with ammonia, and they can 
then be stained in the usual ways. Material that cannot be parted safely 
from the gelatin will not stain very satisfactorily, but can be nicely 
mounted in glycerin jelly if care is exercised not to have the mountant 
too hot. 

The Soap Method of Imbedding Plant Tissues. This has been little 
used, but as advocated by Osterhout for algae, offers advantages appli- 
cable to many kinds of mucilaginous or fragile material that cannot safely 
be dehydrated. He saponifies 70 cx. of hot cocoanut oil with 38.5 c.c. of 
28 per cent aqueous KOH. When firm the product is pulverized. The 
algae are placed in warm water to which the soap is gradually added 
until quite concentrated, when by drying it becomes firm enough to 
attach to a wooden block in the sliding microtome and cut (p. 177) . 
Sections are to be placed on albumen-smeared slides, moistened with 
xylol and pressed into contact. The soap may then be dissolved away and 
the slide warmed to coagulate the albumen. Immersion in 95 per cent 
alcohol should serve the same purpose. The sections may be stained as 
after paraffin so far as their texture and thickness permit, or the sections 
may be mounted in water, warmed and examined at once. 

The Paraffin Method of Infiltration and Imbedding. This process is 
used in common by botanists and zoologists with only minor differences 
(p. 6) . Plant material, however cleared, is best passed through xylol (2 
or more changes) and is then ready for infiltration. This process is 
subject to the delay caused by the presence of cellulose walls, so that 
more time is needed than when handling most animal tissue. 

If fairly deep dishes (1 cm. or over) are used it is convenient to pour 
melted paraffin (48"^ to 56°c.) into them until half full and allow it to 
harden. The specimens are then placed upon it with enough xylol to 
cover them. The xylol will gradually dissolve the paraffin and this is 
complete when the mass has reached a soft pasty consistency. Final infil- 
tration may be effected in either of two ways. The simplest is accom- 
plished by lowering a shaded electric light bulb oyer a beaker of hardened 
paraffin until about a centimeter of the wax melts. The specimens are 
then poured into the melted wax to lie on the solid mass below for 
several hours until fully infiltrated. The second method involves a well- 
regulated paraffin oven, where the specimens are placed in small glass 
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dishes as soon as preliminary infiltration has been accomplished. The 
dish and its contents should be placed in the paraffin oven at a tempera- 
ture of about 6o° to 6s °g. for one-half to one hour, after which the mix- 
ture is replaced with melted soft (48° to 56°c.) paraffin at the oven tem- 
perature. At the end of one-half hour this may be replaced with a 
mixture of melted soft and hard (56° to 6s°c.) paraffin for another half 
hour and a second portion of the mixture substituted. This may be left for 
one-half to one hour at the end of which the material may be imbedded 
or cast into a hard block. This may be done in thin glass dishes rubbed 
inside with glycerin, or better in boats folded of good tough paper. The 
dishes should be chilled and the boats floated in cold water as soon as 
the specimens have been neatly arranged with warmed needles or forceps. 

The data as given are open to modification in several respects. The 
times of infiltration are to be greatly reduced for filamentous algae, fungi 
or slender root tips, etc. They are approximately correct for the maxi- 
mum size of block of phanerogam tissue that should be imbedded for 
cytological work, i.e., about 2 mm. They should be reduced whenever 
possible. large blocks of tissue are to be imbedded for histological 
work the time may have to be greatly increased, but the cell contents 
will suffer from this exposure to heat. The paraffin should be used of as 
low a melting point as possible and kept just above that point in the 
oven. (For a simple and convenient method of keeping paraffin melted 
see p. 14.) If cutting can be done in a cool room or with a chilled knife 
a softer paraffin can be substituted with advantage to the material, but 
if it is necessary to work in the summer an even greater proportion of 
hard paraffin must be used. The method of substituting paraffin for 
xylol as given is that which most pleases the present writer. Some workers 
suggest dropping shavings of paraffin into the vial above the specimens, 
but this may tend to crush them if delicate. Others suspend a wire gauze 
basket filled with paraffin in the upper portion of the vial containing 
the specimens. 

The Collodion or Celloidin Method. This is used for plants and 
animals in a very similar fashion (p. 29) . The time of immersion must 
be greatly increased for much plant material, and the sectioning of hard 
specimens offers considerable difficulty. It is usually best to place the 
material, saturated with ether-alcohol, in a very dilute celloidin solution, 
stopper the bottle loosely and allow the solution to concentrate gradually 
by evaporation. Root tips and highly porous stems will usually be in 
suitable condition if the concentration is completed in from three or 
four days to a week, but tissues with strong cellulose walls, or large 
blocks of wood, should be more closely stoppered and it may take a 
month or more for them to be properly saturated, for the solution must 
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concentrate very slowly so as to be of equal density throughout the speci- 
men. If they are sufficiently rigid to stand it (as in woods) the process 
can be made more rapid by using the solution in 3 strengths of about 2, 
4 and 8 per cent. The weakest is first placed on the specimens in a 
strong bottle and the cork (which must be of the best quality) wired in 
strongly. Then this container is placed in a paraffin oven at 50° to 6o°g. 
for a day or more as seems to be required. The same process is repeated 
for the stronger solutions. In any event the material is finally saturated 
with a barely fluid solution of celloidin. Supporting blocks of fiber or 
white pine are saturated with ether-alcohol and the end grain dipped 
in medium strength celloidin solution. They are up-ended and the speci- 
mens placed on the soaked surfaces. As soon as the celloidin becomes 
surface-firm in the air the specimens and the supporting block ends are 
dipped in strong celloidin, and by alternate drying and dipping a suffi- 
cient layer is built up around each of the specimens to support and 
hold it to the block. Then all are dropped into chloroform until quite 
firm (twenty-four to forty-eight hours) , transferred to 95 per cent alcohol 
and glycerin (equal parts) until transparent, and may remain there until 
used. The sections should be cut with a knife flooded with 70 per cent 
alcohol and placed in a very oblique position. For general remarks on 
staining see page 573. For plants Heidenhain’s hematoxylin followed, if 
desired, by erythrosin, or safranin O, followed by Delafield’s hematoxylin, 
give the most satisfactory results. Most aniline dyes are unsatisfactory 
because they stain the celloidin deeply. If this can safely be removed the 
range of dyes available suffers no special limitations from the imbedding, 
and ether-alcohol, clove oil and absolute alcohol all will remove the 
celloidin if the sections are sufficiently tough to remain intact in its 
absence. Plant material is stained and dehydrated to 95 per cent alcohol 
in the usual way, and can then be cleared by transfer to carbol-xylol, 
which the writer prefers to the mixtures of essential oils. After washing 
with pure xylol the material is mounted in balsam. The celloidin method 
is generally used with desilicified materials and woods softened with 
hydrofluoric acid (p. 161) . It can readily be so conducted as to permit 
the consecutive arrangement of serial sections (p. 30) . For very hard 
material advantages are sometimes found in the double infiltration 
method, whereby a celloidin block is infiltrated with paraffin and cut 
dry, superior support being claimed for the specimens. It is probable 
that serious attempts to employ celloidin for cytological studies will pro- 
duce results superior to the paraffin method in reduction of chromosome 
clumping or retraction of satellites, etc., but the stages must be most 
gradual and the sections very thin. 
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The Sectionmg of Woods (md Other Hard Objects Not Adapted to 
Grinding, This requires either extremely powerful apparatus or some 
method k’ softening the tissues. The study of woods offers two methods of 
attack, one of more or less macroscopic observation, the other histologi- 
cal. Since distinctions between types of woods can often be made at no 
or very little magnification, and since these can be facilitated if thin 
slices be used, it has become customary to prepare large sections and to 
use these as hand specimens!^ or if sufficiently thin to use them for lan- 
tern projection. While special machines for cutting these slices have 
been made, they are rarely available. Remarkably good work can be 
done with a heavy steel carpenter’s plane provided the blade is of hard 
temper and skillfully sharpened to a keen straight edge. Transverse sec- 
tions made with this may be i to ^ inches broad and up to 6 to 8 inches 
long, and if cut from radial slabs from a tree may show cork, phloem, 
xylem and pith in fine condition. The sections can be cut thin enough 
for low power microprojection (5 to 10 cm. focal length lens) . While 
such woods as pine and cedar cut most easily, Wistaria^ Vitis, Acer^ Pyrus^ 
Castanea and even Quercus are perfectly practicable. The larger sections 
and harder woods make much the greatest demands on the skill of the 
cutter. Sections should be kept wet and may be stained (safranin, Hei- 
denhain’s hematoxylin, etc.) in petri dishes or other suitable containers, 
dehydrated and mounted between thin sheets of glass such as lantern 
slide covers. The mounting balsam should be very thick, used preferably 
quite warm, and the mounts should be kept warm (as in a paraffin oven) 
until quite hard. This is especially urgent if the mounts are to be ex- 
posed to the heat of a lantern. It assists in mounting to have one of the 
mounting glasses a little smaller (5 mm.) than the other, and it may be 
necessary to use a weight to hold the specimen flat if it is not very thin. 

For accurate microscopical study of cell types and arrangements this 
method will not suffice. Soft woods or the alburnum of harder ones, espe- 
cially in fresh material, can frequently be cut in a sturdy microtome 
without special preparation (p. 177) . Seeds that are hard because of the 
presence of reserve cellulose can likewise best be cut fresh before they 
have become entirely mature to dryness. If dry they may become soft 
enough after boiling in water. Sections cut deliberately thin are more 
easily obtained than thicker ones. Very hard seeds may be treated with 
hydrofluoric acid or after the fashion of fossil woods (p. 174) . It has re- 
cently been suggested that the direction of steam on the surface of the 
block as it is being cut would so soften the wood at the surface as to 
render it easily divided by the knife. This^^^ is effected by boiling water 
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in a flask and conducting the steam to the block through a metal tube. 
The sections can be cut as thin as lO/x, even from hard woods and with- 
out the usual degree of dulling of the knife or the chemical changes in- 
duced by hydrofluoric acid. Hard woods may be softened as much as pos- 
sible and imbedded. As the hardness is often due in large part to the 
deposit of mineral matter (especially silicates) in addition to lignification 
it is best to remove the mineral matter before imbedding. This is effected 
through immersion in hydrofluoric acid which has little effect on the 
middle lamella and even leaves the coarser cell contents intact. Dry 
woods should be very thoroughly freed from air by alternate open boil- 
ing and exhaustion under an air pump, and in fact this is usually neces- 
sary with fresh woods. Pieces as small as the requirements permit (pref- 
erably 1 cm. or under) are placed in full strength hydrofluoric acid in 
a wax or wax-coated container and allowed to soak for one to several 
weeks, in the latter case changing the solution occasionally. Compara- 
tively soft woods may be given the reduced period, or even soaked in 
once used or diluted acid. After the maximum softening has been at- 
tained, as determined by testing the blocks with a knife, the acid must 
be very thoroughly washed out. Imbedding is usually in celloidin, and if 
the material is porous and homogeneous by the rapid method (p. 181) . 
The knife used on woody material should be particularly heavy and 
rigid, should preferably be clamped at both ends, and may be placed 
obliquely or in a more transverse position if that gives better results. 
It will generally need honing after every few sections, or in extreme 
cases every section, to avoid a turned or wire edge. The sections gen- 
erally will not withstand removal of the celloidin and must be stained 
accordingly. 

d. Affixing Methods. When handling paraffin sections, or celloidin 
sections in serial order, it is usually necessary to attach the sections to 
microscopical slips and by changing the glass with its attached sections 
to perform the remaining manipulations with a minimum of effort. 

For paraffin sections it generally suffices to rub an exceedingly thin 
film of Mayer’s albumen (p. 620) on the slip, following with a half- 
pipette full of distilled water on which the sections are floated and 
spread by gentle heat, the excess water being then drained off and the 
sections accurately arranged. It is generally necessary to maintain the 
sequence of the sections through the entire series, mounted on a slip, 
and, in order that a mechanical stage may be effectively used in recording 
observations, to keep the rows straight. Szombathy’s affixing method 
involves the flooding of the slip with a solution consisting of gelatin 
1 gm., water 100 c.c., sodium salicylate 0.02 gm., glycerin 15 c.c., to which 
there is immediately added a few drops of 2 per cent formaldehyde solu- 
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tion. The subsequent procedure is the same as for Mayer’s albumen 
formula, and the result is usually a cleaner slide with firmer attach- 
ment of the sections. For sections that tend to expand and contract con- 
siderably during dehydration and hydration it may be advantageous to 
use a mixture containing gum arabic or glue 1 gm., potassium bichro- 
mate 1 gm., water 98 cx. (Land) . The slide may be flooded with this, 
the sections spread and the slide drained. Exposure to daylight will 
render the gum insoluble in the ordinary histological reagents. The use 
of a dilute solution of albumen instead of rubbing the slip with a mini- 
mum quantity of the strong preparation has not as wide acceptance 
among botanists as among zoologists, but it will work with such cytologi- 
cal material as has densely protoplasm-filled cells. 

For celloidin sections the methods used by zoologists (p. 31) are 
adequate, 

III, Preparation and Staining of Sections 

A general preparatory treatrtient is required of most sections of plant 
material previous to staining. Separate paragraphs have been prepared 
dealing with problems specially related to individual major groups of 
plants and detailed information as to methods applicable to them should 
also be sought there. Others have been prepared treating of the various 
imbedding, sectioning, macerating, staining and mounting methods, as 
well as methods pertinent to special tissues. Sections cut free-hand or 
with the sliding microtome need little treatment preliminary to staining. 
If they are highly mucilaginous it is generally necessary to remove this 
substance before staining by boiling in a relatively large volume of water 
(or several changes) until the mucilage has been completely dispersed. 
Otherwise it will be difficult to differentiate the stains, to prevent the 
sections from curling and to dehydrate them properly. Starch is fre- 
quently objectionable as obscuring cell arrangement, and can be re- 
moved by prolonged boiling of the sections in water. As the starch paste 
formed at first in the cells is as bad or worse than the grains the washing 
should be complete and the sections should be tested with aqueous 
iodine until the starch reaction is negative. It may be necessary to add a 
few drops of hydrochloric acid to the water to facilitate removal of the 
starch. A somewhat prolonged treatment of the sections with diastase 
may also be used to remove starch. Chlorophyll may be objectionably 
prominent in chloroplasts and although it usually disappears in the 
dehydration it may be better to soak the sections for a time in 95 per 
cent alcohol before staining. 

Bleaching is necessary if plant tissues are naturally colored, or de- 
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velop pigments in the cells as a result of the method of preservation, 
before stains may be applied. Discoloration due to osmic acid is readily 
removed from sections in commercial hydrogen peroxide diluted three- 
fourths with water, or one-half with 95 per cent alcohol, which latter 
solution usually keeps for several days. The bleaching is hastened by 
exposure of the material to sunlight. Free chlorine may also be used. 
A few drops of hydrochloric acid are dropped on a crystal of potassium 
chlorate, and when gas is formed 50 per cent alcohol is poured on it. The 
specimens are placed in this alcohol from 70 per cent and bleach in one- 
fourth hour or longer. The method can be used with sections attached 
to a slip. Immersion in freshly prepared Javelle water is often very 
effective. Sulphurous acid saturated in alcohol may be used to bleach, 
or potassium permanganate in very dilute solution followed by oxalic 
acid and exposure to light. Leaves (especially Drosera) which blacken 
when thrown into alcohol are advantageously immersed when collected 
in a rather strong NaOH solution at room temperature until they be- 
come bleached and translucent. After washing they may be preserved in 
alcohol and remain translucent and undarkened. 

Staining methods for plants have been developed along several lines, 
of which the more general are outlined here. Staining of plants in toto 
has been almost discarded for the grosser types, although for unicells and 
for filamentous types it still serves a good purpose. For details see para- 
graphs on algae, bacteria, fungi, etc. (p. 226) . Staining of vascular sys- 
tems in pieces of stem or leaf to trace the course of the bundles may be 
accomplished with the living plant, killing it afterward (p. 212) . 

Staining methods for histological or for cytological features employ 
solutions prepared in similar fashion. The use in botanical practice of 
mixtures of dyes, especially such as involve chemical action and unstable 
compounds in the solution, has largely passed away. This enables a few 
general directions to be given for the preparation of standard stock solu- 
tions. Special staining methods will be considered separately. (For a more 
complete discussion of the properties of biological dyes see p. 573.) 

Aqueous dyes are usually made up as 1 to 2 per cent solutions. Since 
the proportion of dye substance in the powder is not constant it would 
be better to prepare them as saturated solutions, which probably would 
not affect the practice greatly, as most of the dyes are soluble to approxi- 
mately 1 to 2 per cent of actual substance. Among the common dyes 
frequently used in aqueous solutions are: aniline blue (for sieve tubes) , 
methylene blue, gentian and crystal violets, eosin, carmine, hematoxylin 
and picric acid. Distilled water should always be used. The anilines all 
function well as 1 per cent solutions. The aqueous hematoxylin is the 
simple solution for use in the various separate-mordant methods. The 
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dyestuff should be of pale brown crystals and of assured staining quality, 
for many samples differentiate poorly. The stock solution is of i per cent 
strength, and in use it is diluted to 1/2 to per cent (histology, most 
cytology) or cent (filamentous algae, etc.) . The 

stock may be prepared by gradual solution in the cold, or by the aid of 
heat, but the latter had best be avoided for critical work, and preliminary 
solution of the hematoxylin in alcohol must absolutely be omitted, for 
the resulting solution behaves in a quite inferior fashion. 

Alcoholic solutions are, like the aqueous ones, generally 1 per cent 
strength. Saturated solutions would be more constant in composition, 
but where used for counterstain should be somewhat diluted before use. 
Common dyes are generally made up in 70 per cent alcohol and include 
the following: acid fuchsin, light green SF yellowish, fast green FCF, bis- 
marck brown, crystal and gentian violets (for histological work) , alco- 
holic eosin and erythrosin, auramine, phloxine B. The writer uses “ani- 
line water"' (a saturated aqueous solution of aniline oil, prepared by 
shaking and filtering) in making up the gentian and crystal violet solu- 
tions, but not the others. Solutions with aniline oil do not always keep as 
well as without it, but they generally stain more densely. Aniline blue, 
when used for filamentous or unicellular organisms that are inconvenient 
to dehydrate after staining, is usually made up in 90 per cent alcohol. 
Safranin O, the most commonly used aniline in histological researches, 
is best prepared as a 1 per cent solution in 50 per cent alcohol made 
with aniline water (see above) . If the color tone of either the safranin or 
the light green solutions is too cold to be pleasing the writer adds about 
one-fourth per cent of auramine to the solutions, effecting a considerable 
improvement in the preparations. 

Delafield's hematoxylin combines mordant and dyestuff, affording a 
very valuable histological stain. Other combinations of different mordants 
with hematoxylin have been proposed, but in plant histology this one 
answers all requirements, and is most regular in action. 

It is often desired to apply to plant material a stain which will act 
without the previous interposition of fixing and mordanting processes. 
The dye used is usually a toxic one and the cells do not survive the treat- 
ment. Material such as plant epidermi, Spiro gyra, etc., may well be stained 
in about five minutes by a 1 per cent aqueous solution of eosin which is 
differentiated with water and fixed with 2 per cent acetic acid (p. 198) . 
If desired the material may first be treated with aqueous iodine-potassium 
iodide solution to stain the starch, and after rinsing, the eosin may be 
applied. Another excellent stain is picro-nigrosin, the latter dye being dis- 
solved to the desired degree (as, for instance, 1 per cent) in saturated 
aqueous picric acid. The material can be washed, dehydrated and 
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mounted in balsam. The acetic acid-methyl green mixture used on pro- 
tozoa also serves well for many algae. 

Single stains are often used in plant histology and cytology when it is 
desired to bring out one kind of structure clearly without much reference 
to the associated structures. Frequently these hold a little of the stain 
used, of course, and are not invisible by any means. Heidenhain’s hema- 
toxylin is used in this fashion for cytological work, and safranin O for 
both cytological and histological work. Almost any of the primary dyes 
to be considered below can be used in this way if the counterstain offers 
no advantage. The differentiation is carried somewhat further than if a 
counterstain is to follow. 

Many staining methods are closely bound in their effectiveness to the 
pH at which they are conducted. Many suggestions point to the develop- 
ment of a rational staining system based on specific acidity and buffer 
action. As yet for most plant processes it is well to adhere to the older 
empirical system in routine work, but all solutions must be made up 
with distilled water. Further, all procedures involving a stage of alkaliza- 
tion usually expressed as “washing in tap water'’ should be revised to 
specify washing in distilled water made alkaline by the addition of a 
designated small quantity of a known substance. Naylor^i^ has shown 
clearly how the controlled pH of solutions can affect the staining effect 
on plant protoplasm. Buffer solutions for use with stains have been 

formulated.22 

Combinations suited for ordinary histological work are as follows: 

Safranin O followed by Delafield's Hematoxylin. Soak the sections 
in safranin three to twenty-four hours, or boil them in it if they will 
stand it. Destain with 50 per cent alcohol (acidified with acetic acid 
should the stain come away too slowly) until the stain ceases to come off 
freely and the soft tissues are simply pink against the red lignified ones. 
Wash in distilled water. Counterstain in diluted (about 10 per cent to 
20 per cent) Delafield’s hematoxylin until sufficiently dark, wash in sev- 
eral changes of tap water or in distilled water containing a trace of 
NH4OH, then dehydrate, clear and mount in balsam. Lignified tissues, 
nuclei, cuticle and cork stain red; cellulose, collenchyma and chromato- 
phores purple. Poor contrast is generally due to insufficient washing of 
the hematoxylin, for by washing the originally reddish stain becomes 
blue-purple. This stain is the most permanent of the histological com- 
binations (unless perhaps the next) and should be depended on for 
research record purposes. 

^Naylor, E. E, Amer. J. Bot., 13: 265, 1926, 

French, R. W. Stain Technology, 5: 87, 1930: 7: 107, 1932. 
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Heidenhairfs Hematoxylin and Eosin (or Erythfosm). Mordant sec- 
tions one to three hours in i per cent iron-ammonia-alum solution. 
Wash carefully in distilled water for five minutes. Stain in per cent 
hematoxylin until sufficiently dark, or in i/^ per cent hematoxylin for 
one to three hours; rinse and destain to the desired degree in iron-alum 
solution. Wash fifteen minutes to one hour in tap water, dehydrate to 
70 per cent alcohol, counterstain with alcoholic eosin or erythrosin, 
complete dehydration, clear and mount. Depending on the amount of 
differentiation, the hematoxylin is limited to the middle lamella of the 
xylem tissue or it is completely stained. Lignified tissues and nuclei 
stain black, cellulose and all softer elements pink. This combination is 
satisfactorily permanent, and more capable of precise differentiation 
when studying the structure of woody tissues alone, than the former, but 
more trouble and less generally useful. 

Safranin O and Light Green, Soak the sections in safranin three to 
twenty-four hours or boil them if they will stand it. Destain with 50 
per cent alcohol (acidified with acetic acid should the stain come away 
too slowly) until the stain ceases to come away in clouds and the paren- 
chyma is pink rather than red. Transfer to alcoholic light green for one 
to ten minutes, rinse in 70 per cent alcohol, differentiate with 95 per 
cent alcohol, clear and mount. If the stains come away too readily, pass 
from light green to absolute alcohol and differentiate there. If they hold 
well, use more intermediate changes of alcohol so as to cause as little 
shrinkage as possible. Lignified tissues, cuticle and cork red, cellulose 
and collenchyma green. The stain is a splendid one, of brilliant contrast, 
and easily mastered. Not suited for tissues with little lignification. It is 
sufficiently permanent for ordinary class purposes, and to be preferred to 
the following. 

Safranin 0 and Fast Green FCF. This combination is handled much 
as the foregoing. The green is of a somewhat more bluish tone but is 
regarded as much more permanent, Moore^'^ has suggested a modified 
schedule which offers some advantages. The safranin stock consists of a 
1 per cent aqueous solution. The fast green stock is a 0,5 per cent solu- 
tion in absolute alcohol. After paraffin has been removed from the af- 
fixed sections the slides are hydrated to 70 per cent alcohol and are 
plunged into staining jars in which water has been colored with 20 
drops of the stock safranin. They should stain in one to twelve hours, 
and then are rinsed successively in 70, 95 and absolute alcohol. Differen- 
tiation is accomplished in a well of the fast green solution, the slides 
being kept in motion, the excess green being washed out with absolute 
alcohol and the slide cleared and mounted in balsam. 

''^’Moore, J. A. Siam 11; 69, 1936. 
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Safranin O and Crystal (or Gentian) Violet. Conducted as safranin- 
light green. Cellulose and collenchyma violet. Offers no advantages, and 
the violet fades more readily than light green or Delafield’s hematoxylin, 
and offers less contrast than the former. 

Safranin and Aniline Blue. This follows the general schedule for 
safranin and light green, but after a very brief differentiation in 95 per 
cent alcohol the aniline blue should be fixed and intensified by sub- 
stituting a slightly acidulated (HCl) alcohol. A strong stain in safranin 
is necessary. After the acid treatment the sections are washed with neu- 
tral 95 per cent alcohol, dehydrated, cleared and mounted. Cellulose 
walls and collenchyma brilliant blue. A good contrast stain when well 
carried out, but somewhat more tricky than safranin-light green and not 
so good for photographic purposes. 

Safranin O and Orange G. Handled like safranin and light green. A 
very fine stain to use for photographic purposes when strong contrast is 
needed between all tissues and the background without losing details 
within the tissues. Cellulose and collenchyma orange. 

Auramine and Aniline Blue. Handled like safranin and aniline blue. 
More suitable for photographic work, as the contrast is not so severe nor 
detail in the xylem so hard to secure. It is somewhat more difficult to 
retain the auramine in the xylem than the safranin. Lignified tissues, 
cutin and cork, bright strong yellow; cellulose and collenchyma bright 
blue. 

Iodine Green and Acid Fuchsin. Soak for several hours in iodine 
green, or boil in it if the sections will stand it. Destain very briefly with 
95 per cent to 100 per cent alcohol. Counterstain with acid fuchsin (often 
best diluted with 1 to 5 parts of yo per cent alcohol) for two to three 
minutes. Rinse and differentiate with absolute alcohol. The difficulty 
lies in losing too much of the green. Lignified tissues, cuticle and cork 
green; cellulose and collenchyma pink. The stain fades rather readily, 
but lasts two to five years if protected from light. It is invaluable in pro- 
viding a stain with the colors reversed from the usual safranin-light 
green to use where the xylem is too dense to photograph well when 
stained red and to dispel the idea afflicting classes that xylem is neces- 
sarily red and parenchyma green. 

Bismarck Brown and Light Green. Stain lightly with bismarck 
brown, destain with 50 per cent alcohol, counterstain with light green for 
one to five minutes, differentiate with 70 per cent alcohol, dehydrate, 
clear and mount. Lignified tissues, cuticle and cork brown; cellulose 
and collenchyma green. Not a stain capable of sharp differentiation, but 
satisfactorily permanent and excellently suited to photographic work. 
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Crystal (or Gentian) Violet and Orajige G. Handled like the safranin- 
light green. A brilliant stain when successful, but somewhat erratic. The 
gentian violet will come away rather readily. Lignified tissues, cuticle 
and cork violet; cellulose and collenchyma orange. 

In cases where differentiation with an aqueous or alcoholic counter- 
stain cannot be accomplished because of too great loss of stain from the 
tissues, the material may be dehydrated to 95 per cent alcohol, differen- 
tiating the primary stain as well as possible. Then it is cleared with a 
solution of the counterstain dissolved in clove oil. Suitable dyes are 
crystal or gentian violet, erythrosin, light green and orange G. If these 
dyes go directly into solution too slowly, they may be moistened with 
absolute alcohol or about 20 per cent of this added to the clove oil. The 
stock solutions should hold about 1 per cent of the dye, but this may 
have to be diluted, especially with the gentian violet. This method of 
staining seems to simply “paind' a coat of the dye on the unlignified or 
other unstained tissues, and while it is often very brilliant it cannot be 
trusted too closely as to differentiation. See remarks under cytological 
methods (p. 220) . 

Combinations suited to ordinary cytological work are as follows : 

Heidenhain's Hematoxylin Method. This is the finest stain available 
for cytological work. It is adaptable to most structures, exceeds all others 
in precision on chromatin-containing elements and many other parts, 
and in general dependability and permanence far outdistances all others. 
No student of plant cytology can afford to omit a thorough training in 
the use of this stain and in the interpretation of the results it produces. 
(For directions see pp. 609, 613.) 

Tuan Modification of the Hematoxylin Stain. It has been found pos- 
sible to secure increased sharpness of the hematoxylin stain by careful 
modification of the usual sequences as shown by Kaufmann (p. 170) and 
others. A very significant improvement has resulted from the employ- 
ment of picric acid in place of iron-alum as reported by Tuan.^^ The 
schedule is a flexible one and may profitably be modified, as he has 
shown, for various materials. A general form is as follows: Material fixed 
in a chrom-osmo-acetic mixture is best. After having been bleached 
in H2O2 (p. 184) , wash again, stain in 0.5 per cent aqueous hematoxylin 
for twenty minutes, wash ten minutes, destain in saturated aqueous 
picric acid as determined by a test slide, and wash again with a trace of 
ammonia in the water. The time required will vary from twenty minutes 
to two hours or more, and should yield quite colorless cytoplasm and 
black chromatin-bearing structures. Since the dye is decolorized while 
in the picric acid it is necessary to wash the test slide from time to time 

^"‘Tuan, H.-C. Stain Technology^ 5: 155, 1930. 
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to restore the color and judge the degree of destaining. It is necessary 
that the mordanting and staining be limited to short periods, in order 
that the differentiation be not unduly prolonged. 

Following Heidenhain’s hematoxylin one may use orange G, eryth- 
rosin or light green as counterstains, either in alcohol or in oil, but 
rarely to advantage. The process calls for one to twelve hours mordanting 
in the iron-alum, a thorough washing for five to fifteen minutes in chang- 
ing water, one to twelve hours in hematoxylin, then rinsing, differentia- 
tion in the original iron-alum solution or a weaker one if better control 
is needed, a thorough washing for fifteen minutes to one hour in chang- 
ing water, slow to gradual dehydrating and clearing and finally mount- 
ing in balsam. Differentiation should be completed under observation. 
If the approximate time is determined by a trial the bulk of the slides 
can be carried through the destaining in wells to within a very few 
minutes of the correct point. Then the iron-alum can be replaced by 
clear water and the slides removed in pairs and placed face upward in 
a Petri dish of iron-alum on the stage of a compound microscope where 
the process can be completed under direct control with the 16 mm. or 
8 mm. objectives, following with the usual washing. 

Brazilin has been used as a cytoplasmic stain by Belling, Webber^^^ 
and others. While it is doubtful if it offers any advantages over a properly 
conducted hematoxylin procedure, the fact that the water stages of the 
latter may be avoided may be of importance. Smears are fixed in a mix- 
ture of 10 c.c. of glacial acetic acid and 25 c.c. of absolute alcohol for 
ten minutes, washed in absolute alcohol thoroughly and hydrated to 60 
per cent alcohol. Mordanting is effected in one hour in a mixture of 
20 c.c. of absolute alcohol with 15 c.c. of 4 per cent aqueous iron-am- 
monia-alum. The excess is washed out with 60 per cent alcohol and 
three changes of eight minutes' duration in 70 per cent alcohol. The 
smears are then stained in 0.5 per cent brazilin solution in 70 per cent 
alcohol for an hour, dehydrated through 70, 80, 95 per cent and absolute 
alcohols in five-minute changes, then dropped to 70 per cent alcohol to 
destain the chromatin to the chosen degree. The cytoplasm is then 
cleared in the mordanting mixture, the slides rinsed well in 70 and 95 
per cent alcohols, dehydrated in two changes of absolute alcohol for five 
minutes each, cleared in clove oil for fifteen minutes, passed through 
80 per cent xylol with clove oil to pure xylol and mounted in balsam. 
The rough treatment involved in the fixing and dehydrating stages 
render this method inherently untrustworthy for fine work. 

Safranin 0 -Crystal (or Gentian) Violet. This stain is more readily 
accomplished than the next, but not capable of such exact and beautiful 

^Webber, J. M. Univ. Calif. Publ. Bot.y 14: 345, 1929. 
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differentiation. Stain sections in safranin for three to twenty-four hours, 
destain for five to thirty seconds or more in 50 per cent alcohol, counter- 
stain in aqueous gentian violet for ten seconds to a few minutes, partly 
differentiate and dehydrate rapidly with 50, 70 or 95 per cent alcohols, 
clear and complete differentiation in clove oil. This may take some time, 
an hour or more. If too much stain is lost with this alcohol series reduce 
it to the 95 per cent alone, or even replace that by 100 per cent. Wash 
through 2 or 5 changes of xylol and mount in balsam. The length of 
time that the safranin should be allowed to clestain will be found very 
variable and a critical feature, and will depend on the time the sections 
are left in crystal violet as well as the character of the material and of 
the safranin. It may be necessary to acidify the alcohol. Nucleoli and 
chromosomes stain bright red; resting nuclei (except nucleoli and heavy 
chromatin granules) deep violet; prophase and late anaphase nuclei 
with purple spireme show chromatin granules red, if present; cytoplasm 
very light violet; spindle darker violet. The stain does very well after 
chrom-acetic mixtures, where there is little advantage in the following 
triple stain. It is possible to substitute crystal violet in clove oil for the 
aqueous solution, giving a more brilliant violet but with little differen- 
tiation beyond the nucleoli and chromosomes. It should be used quite 
dilute (i: 10) and any deposit of crystal violet removed with clear clove 
oil. This method and the next are rendered unsuited to very critical 
work on the structure of the spireme and of the chromosomes by reason 
of the violent changes in alcohol concentration made necessary by the 
rapidity with which the stains are extracted from the paraffin sections. 

Safranin 0 -Crystal (or Gentian) Violet-Orange G. (Flemming’s 
Triple Stain). This beautiful combination has had a great vogue. Un- 
doubtedly very effective when correctly done, it is difficult to master. The 
violence of the alcohol changes necessary are quite out of the spirit of 
modern cytological methods, which strive to avoid any changes likely to 
disturb the cell structure, and the method is not suited to studies on the 
structure of the spireme or of the chromosomes or of any other cell organs 
easily disturbed by the convection currents or shrinkage. It is not possible 
to give any precise schedule for this any more than for the previous 
method. Its adaptability over a wide range of material is very great, but 
for any given piece of material it requires a very exact schedule: its flexi- 
bility under given conditions is very low. It is not a suitable stain to use 
after Bouin’s solution or mercury mixtures unless the sections have been 
treated with chrom-acetic fixing solution (or once-used Flemming’s 
fluid) for twenty-four to forty-eight hours properly to mordant them. It 
is peculiarly adapted to chrom-osmic-acetic fixed material. Sections 
should be stained in safranin for six to twenty-four hours. They are 
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then destaiiied in 50 per cent alcohol until safranin no longer comes 
away freely, but remains in the nucleoli and chromosomes. If even these 
lose the stain the material is not suited to this method. The sections are 
then immersed in aqueous crystal violet for thirty seconds to ten minutes. 
The violet should have time to replace the safranin in all except the 
chromatin-containing structures. The sections are then rinsed in water 
and immersed in aqueous orange G to differentiate the violet. The time 
should be short; fifteen to sixty seconds perhaps. Then the slides must 
be rapidly dehydrated, differentiated and cleared in clove oil. The de- 
hydration must frequently be accomplished with one to two changes of 
95 per cent and 100 per cent alcohol, that the stain be not lost. The ulti- 
mate product should show red nucleoli, chromosomes and chromatin 
granules, violet spindle fibers and plastids, violet linin in the nucleus 
and pale buff-gray cytoplasm. Orange as such will only appear slightly, 
and in the cell walls. Its primai^y function is to sharpen the differentia- 
tion of the other two dyes. The general effect is not as gaudy as the 
preceding combination, but the precision of detail should be much 
greater. The use of oil solutions of crystal violet and orange G is to be 
avoided; the result is not so accurate nor is the method in the spirit of 
the original combination. 

Cyanin arid Erythrosin. The stains should be in 70 per cent alcohol. 
Stain the sections in cyanin for a few minutes, or if the stain comes away 
too readily extend the time to one or several hours. Rinse the sections in 
70 per cent alcohol very quickly and stain for a few seconds in erythrosin. 
Then 95 per cent and 100 per cent alcohol. Clear in clove oil, to xylol, 
and mount in balsam. If the stains come away too readily omit the 95 
per cent alcohol and the clove oil. Chromosomes blue; cytoplasm pink. 
As a histological stain, lignified structures blue, cellulose pink. 

The Feulgen Reaction has been slowly gaining favor in cytological 
studies on plants, particularly where the cells under observation contain 
considerable material which would stain by the hematoxylin or safranin 
techniques. It is not as uniformly successful as appears to be the ease in 
animal studies. The schedule proposed by Margolena^^ may be taken as 
representative. 

“Fix preferably in saturated HgCh with 2 per cent acetic acid; or other fixa- 
tives may be used, as will be mentioned later. Wash thoroughly, varying the 
time with the size of the object. Run up through the alcohols, imbed, section and 
mount. Run sections down to water and treat with 0.5 normal HCl for two or 
more minutes, treat with the same at 6o°c. for two or more minutes, rinse in the 
cold HCl, then in water and stain in the fuchsin sulphurous acid for one to three 
hours. Prepare this as follows: dissolve 1 g, basic fuchsin by bringing it to boiling 

*”Margolena, L. A. Stom Tec/znoZogy, 7: 9, 1932. 
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in 200 c.c. distilled water, cool to 50^0., jfilter, add 20 c.c, of the 0.5 normal HCl, 
cool to 25 °c. and add 1 g. sodium bisulfite. Cork well and put in a dark place. 
The solution should decolorize to a straw color, usually within twenty-four hours. 
After staining pass through three successive baths of 200 c.c. distilled water with 
10 c.c. of 0.5 normal HCl and lo c.c. of 10 per cent sodium bisulfite. Rinse in 
distilled water, run up through the alcohols, counterstain, if desired, with any of 
the usual counterstains, dehydrate, clear and mount. The kind of fuchsin used 
for Feulgen’s reagent is of great importance, since some fail to decolorize, give a 
non-specific brown reaction, or fail to react at all. Fuchsins of the rosanilin type 
seem to be best adapted for the purpose.”* 

Latex and latex vessels in plants are preserved by methods already 
given (p. 159). Sections are generally cut longitudinally. Stained in a 
dilute aqueous iodine solution followed by aqueous eosin or erythrosin, 
they should show the tubes as rose-pink structures containing rich purple 
rounded or femur-shaped starch grains (as Euphorbia tirucalli or E. 
splendens) , and may be mounted in 2 per cent acetic acid or dehydrated, 
cleared and mounted in balsam, but the stain of the starch cannot be 
made permanent. If the sections (Ficus elastica, etc.) are treated with 
absolute alcohol various soluble substances are removed and jthe caout- 
chouc left. Latex vessels (Tragapogon) are best shown by a rather heavy 
stain of safranin, subsequently dehydrated, cleared and mounted in 
balsam. Latex cells (Sanguinaria) also are best treated in this way. 

Siex/e Tubes, Material should be preserved as indicated on p. 159. 
Sections cut transversely will show the faces of the plates, cut longi- 
tudinally, the relation of the contents to the pores, but in the average 
plant they are not easily shown. For demonstration to classes Curbitaceae 
give suitable material. Cucurbita Pep o should be stained for twelve to 
forty-eight hours in a 0.001 aqueous solution of aniline blue, rinsed and 
dehydrated to 70 per cent alcohol, counterstained with 1 per cent eosin 
or erythrosin in 70 per cent alcohol, the dehydration completed and the 
sections cleared and mounted in balsam. This progressive stain should 
need no differentiation, but if desired the sections may be stained in a 
strong solution for a few hours and differentiated in glycerin. Stains 
with aniline blue can be fixed and somewhat strengthened by treatment 
with a mild alkaline solution (NH4OH or NaaCOg) . The callose of the 
sieve plate should be blue, as also the lignified tissues, and the rest of 
the preparation pink. 

Sperms in plants if abundant are in general most readily fixed in a 
drop of water on a slide, inverted over a bottle containing osmic acid 
either solid or in solution. The sperms are quickly and nicely fixed by 

* After this account was in type, a promising revision of the Feulgen technique 
appeared by J. A. de Tomasi: Improving the technic of the Feulgen stain. Stain 
Technology, n: 137-144, 1956. 
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the vapor, which dissolves in the water in which they are suspended. 
These slides can then be dried and stained with iodine green and acid 
fuchsin, Delafield’s or Heidenhain’s hematoxylins, Flemming's triple 
stain, etc. If the cilia show with difficulty, Loeffler's flagellar stain (p. 142) 
or carbol-fuchsin (p. 142) may be tried. The large sperms of Cycads are 
best fixed in the enlarged ends of the pollen tubes before they are shed, 
and sectioned (p. 242) . 

IV. Microchemical Reactions in Plant Membranes 

Quite apart from the use of microchemical methods to determine the 
nature of the walls of plant cells is their use to differentiate tissues from 
each other for purely histological purposes. The reactions involved rarely 
give permanent preparations. For the more specialized procedures the 
section on microchemistry should be consulted. 

Cellulose is probably the wall material most commonly met with 
among higher plants. It is frequently impregnated with other substances. 
A good reaction is generally secured if sections are soaked in a solution 
of 0.3 per cent iodine and 1.3 per cent potassium iodide in water, follow- 
ing this with a few drops of 60 to 70 per cent sulphuric acid. The cel- 
lulose turns blue, the lignified tissue becomes somewhat more yellow 
than before. 

Chlor-zinc-iodine^'^ is used as a test for celluloses in the cell walls of 
plants, especially fungi and algae. “Dissolve 20 gm. of ZnCl2 in 8.5 c.c. 
of water with the aid of heat. Cool and add, drop by drop, the following 
solution until, after shaking, the iodine which is precipitated fails to 
dissolve further: 3 gm. of KI, 1.5 gm. of I2, and 60 c.c. of water. About 
1.5 c.c. of the latter solution is necessary." The mixture must be made 
exactly as specified and should be kept in a glass-stoppered dropping 
bottle. Small samples of material should first be treated with the I2-KI 
solution, this drained from the slide and replaced with the chlor-zinc- 
iodine under the coverglass; treatment may be repeated to advantage in 
accentuating the reaction. The walls which contain cellulose show a 
blue coloration varying in intensity and tone, according to the amount 
and character of the cellulose material present. 

Lignin is one of the commonest tissue-modifying substances replacing 
cellulose. A solution of phloroglucin followed by 50 per cent hydro- 
chloric acid gives a splendid red purple coloration of such tissues. Ani- 
line sulphate (saturated aqueous) followed by sulphuric acid gives a 
good golden yellow color to lignified tissues. 

"’ Nowopokrowsky; cited by Drouet, Gaz., 55: 695, 1934. 
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Cutin is generally deposited on the outer wall of the epidermal cells 
of aerial parts of plants. In the case of xerophytic plants it may become 
quite thick, as on the leaves of Aloe, Gasteria^ or of Hedera. It stains with 
various substances, such as chlorophyll, alkanin and sudan III, and in 
ordinary histological practice with those that also stain cork and wood. 

Suherin is the typical waterproofing substance in cork, and appears 
elsewhere in plant tissues. When present the tissues become compara- 
tively insoluble in sulphuric and chromic acids, becoming invisible in 
the latter because of its dark color, but dissolving only after some days 
of exposure. Suberin gives the staining reactions described above for 
cutin. Neutral violet (1:10,000 aqueous, slightly acidified) is reported 
to stain cork violet, but not to stain cuticle. Like cutin, cork turns yel- 
low-brown after chlor-zinc-iodide in sections which have been treated 
with javelle water and washed with 1 per cent hydrochloric acid, while 
cellulose turns violet. 

Pectin appears principally as a calcium salt in the cementing sub- 
stance in tissues of higher plants, joining the cells together. It readily 
dissolves in macerating fluids (p. 174), or, in fruits, even in simple boil- 
ing water or very dilute acids. It stains brown-red with neutral violet 
(above) , and also with ruthenium red, which also stains gelatinous 
derivatives. 

Mucilage and gelatinous lualls are readily stained by methylene blue 
and gentian violet. (See the method designed by the writer for algae 
p. 228) . “Slimes” may to some extent be differentiated by their color re- 
actions, but in nature are generally mixtures. Cellulose-derivatives hardly 
react to iodine and stain with congo red in an alkaline solution. Pectose- 
derivatives are coagulable with lead-acetate and with alum, and become 
brown with iodine. They stain with hematoxylin, methylehe blue, neu- 
tral red and ruthenium red in neutral solutions. Callose-derivatives dis- 
solve with dilute sodium and potassium hydroxides very readily, and 
color with aniline blue in an acid solution. 

Resins in plant tissues are often stained green by copper-containing 
preserving fluids. They may be removed by mixtures of xylol and abso- 
lute alcohol. 

Callose generally appears in the sieve plates of phloem tissue, and also 
in pollen grains and tubes, and the mycelium of fungi. It is very strongly 
colored by a dilute aqueous solution of corallin in 4 per cent soda, or 
by dilute aqueous aniline blue followed by dilute hydrochloric acid. 

Silica can usually be recognized after incineration of the sections, the 
siliceous portions remaining comparatively unaltered. The silica can be 
removed with hydrofluoric acid (p. 161) . 
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V. Mounting Methods 

I. The refractive index of the mounting medium chosen is of con- 
siderable importance to the botanist because so much material is studied 
unstained. If it is desired to exhibit the structure of delicate colorless 
parts a medium with a refractive index either much higher or much 
lower than the specimen should be chosen. On the other hand, if the 
object is dense and it is desired to make it more transparent a fluid of 
equal density should be chosen. Of course the nature of the specimen 
must be considered: sometimes acpieous media must be used, and some- 
times oils or resinous substances. A great deal can be done to decrease 
the effect of obstructive portions of a specimen by careful selection of 
the mounting medium. For direct recommendations consult the sections 
describing the characters of the different media and the special section 
appropriate to the plant under consideration. 

The following table has been adapted from Schneider-Zimmerman.-'^ 
Those media marked with an asterisk require dehydration. 


Air 

Water, distilled 

Alcohol, ethyl 

Formaldehyde, 40 per cent. . . 
Glycerin, 50 per cent aqueous 

Lactic acid 

Glycerin gelatin 

* Linseed oil 

Glycerin, pure 

* Paraffin oil 

* Xylol, toluol 

* Cedarwood oil, clearing . . . . 

* Cedarwood oil, immersion . . 

* Clove oil 

* Euparal. 

* Wintergreen oil 

* Venetian turpentine, cone. . 

* Canada balsam, hardened . . 
Zinc iodide, sat. glycerin sol . . 

* Styrax, hardened 

* Balsam of Tolu, hardened . . 

* Monobromnaphthalein . . . . 

*Hyrax, 


Substance 


Refractive Index 
Approx. 


1 . 000 


r -333 
1 .361 
1.372 
1 .400 
1 .441 
1 .447 
1 .470 
I - 475 
1 .481 
I -495 
1 .504 

1-515 

1-535 


I -535 
I -536 
'■542 

>■547 
1 .560 
1 .580 

I .640 
I .661 
I .822 


Schneider-Zimmerman. Botanische Mikrotechnik, 1922. 
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2, Aqueous mounting media as used for plant epidermis, hairs, 
fibers, pollen, spores, unicellular or filamentous algae or other small 
objects generally give slides of a fair degree of permanence if the cover 
glass is suitably sealed to the slide (p. 199) . 

Parts of moderate thickness had best be placed with the fluid in a 
ringdike cell built up of several well-dried coats of cement and the cover 
sealed to this. The fluid used may be a 4 per cent aqueous solution of 
formalin, 2 per cent aqueous acetic acid or 10 per cent aqueous glycerin 
(or a stronger glycerin if the object will stand it) . Glycerin of 10 per 
cent strength is not immune to the growth of molds; if a crystal of thymol 
is kept in the dispensing bottle these organisms will not develop. Marine 
algae if mounted from the living state should be put into a solution 
compounded with sea water, rather than distilled water. Lime impreg- 
nated material (as Characeae) must not be sealed in acetic acid, and is 
safest in glycerin. 

It is possible to preserve tolerably well the color of many green algae, 
including Conjugales, Ulotrichales, etc. The simplest fluid consists of 
concentrated formalin which is saturated with copper acetate. If this is 
diluted to about 4 per cent it makes a very satisfactory preserving fluid 
for blue green or green algae in which they may be kept in bulk or in 
which they may be mounted on slips. The green color will shift to a 
somewhat more bluish cast than the original, and some shrinkage may 
occur. 

Much botanical material of a type demanding mounting in aqueous 
media for its most perfect exhibition should be mounted in a me- 
dium of a higher refractive index than those just mentioned. In 
general the material should be brought into these more dense media by 
suitably graded changes. The most generally used fluid will be concen- 
trated glycerin. The material may be placed in a 5 per cent to 10 per 
cent solution and this concentrated by evaporation in a warm place. A 
solution (Lactophenol) composed of lactic acid 20 gm., carbolic acid 
(crystals) 20 gm., glycerin 40 gm., water 20 gm., is very serviceable and 
may be used for mounting various materials, softening dried material (es- 
pecially algae) or decalcifying specimens. A dye may be combined with 
this solution. ManevaP^ has suggested several combinations, of which 
that involving the addition of 1 to 5 c.c. of 1 per cent aqueous cotton 
blue and to 20 per cent of acetic acid seems to have the widest utility. 
Zinc iodide saturated in glycerin gives a solution of very high refractive 
index, and has been used for diatoms. 

Stains suited for use on material to be mounted in fluid are not very 
numerous. Preserved material may be permanently stained in 1 per cent 

^ Maneval, W. E. Stain Technology, 11: 9, 1936. 


GENERAL BOTANICAL MICROTECHNIQUE 199 

aqueous eosin solution, differentiated in distilled water, the stain then 
fixed with 2 per cent aqueous acetic acid, in a fresh portion of which the 
material may be mounted. The nuclei and chromatophores will be 
bright pink, other cell contents paler. It is possible to transfer material 
to very mildly acidified 10 per cent glycerin and concentrate this, but 
the stain usually fades. Preserved material may be carefully stained in 
Delafield's hematoxylin, well washed in tap water and mounted in dilute 
or concentrated glycerin. Cellulose membranes will be light purple, 
nuclei and chromatophores darker; the stain is fairly permanent. Pre- 
served material may be mordanted in i/^. P^*^ cent aqueous iron-ammonia- 
alum, washed, stained in i/^ per cent aqueous hematoxylin, rinsed and 
exceedingly cautiously destained in 1/2 pci* cent (or even more dilute) 
iron-ammonia-alum, washed and mounted in dilute or concentrated 
glycerin (see below). The stain is permanent; nucleoli and pyrenoids 
stain black, nuclei and chromatophores gray. It is highly satisfactory 
and on many forms (such as Spirogyra nitida) strikingly effective. 

It has been found that corn syrups if stable yield good mounting 
media for Bryophyta. They dry gradually near the edge of the mount 
and do not need immediate ringing with cement. The “Blue Label Karo’' 
is particularly satisfactory for this purpose. Water glass (sodium silicate) 
may also be used but is not as reliable. A proprietary mixture in glycerin 
called “Viscol”®^ will serve the same purpose very well and may be used 
after water, glycerin or lactophenol. 

Since in fluid material it is difficult to maintain the orientation of 
unicellular organisms and since many fluids dry out if carelessly sealed, a 
series of solid media have been designed. The most commonly used is 
termed glycerin jelly and is applied in a melted state. When a large 
amount of material is to be mounted the bottle may be kept in a hot 
water bath, but for occasional use it is better to melt small blocks of 
the jelly on each slide and add the material to the melted medium, thus 
avoiding a continuous decrease in the gelatifi cation power of the gelatin. A 
satisfactory formula consists of high grade dry gelatin 15 gm., distilled 
water 60 c.c., glycerin yo c.c., carbolic acid about 1 c.c. The carbolic acid 
and the glycerin should be mixed and added to the gelatin dissolved with 
heat in the water. No ordinary stains can be depended upon as perma- 
nent in this medium. Material which shrinks easily should be trans- 
ferred from strong glycerin. 

Cements for sealing aqueous microscopic mounts of plant tissues, 
fibers, etc., in watery solutions, glycerin or glycerin jelly are important 
factors in assuring permanence of these preparations. The cover glass 
and the slip about it must be scrupulously clean, the faintest trace of 
]. Rev, Bryol. et Lichenoh, 
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glycerin causing the slide to deteriorate rapidly. Thin coats of the ce- 
ment are brushed over the margin of the cover and the adjacent slip 
free-hand or with the aid of a turn-table, each being allowed to dry 
before its successor is applied. Various substances and mixtures have 
been suggested, including vaseline, shellac, marine glue, King’s cement, 
gold size, asphaltum, etc. A particularly satisfactory medium suggested by 
Hazen is composed of rosin 8 parts and anhydrous lanolin 2 parts, the 
rosin being melted first and the lanolin then added. This may be applied 
hot to the edges of the cover glass with a glass or metal paddle, or dis- 
solved in benzol or toluol and applied with a brush. It does not crack or 
become brittle under ordinary conditions. If it is to be used to seal slides 
kept at a low temperature the amount of lanolin may be raised, or if 
used in the tropics it may be decreased. It may also be used to seal vials 
or museum jars with a slight increase in lanolin content. 

3. A non-drying oil is sometimes a desirable mounting medium. For 
this purpose white mineral oil or paraffin oil is most suitable. It requires 
dehydration and clearing of the material through xylol, benzol, etc. 
Mounts in this may be sealed for a time with glycerin jelly or glue. Oil of 
wintergreen is rather better in that clearing is not necessary, but it has a 
higher refractive index. The synthetic form, methyl salicylate, is quite 
satisfactory and may also be used for clearing injected stems, leaves, etc., 
for gross anatomical observations. Castor oil, linseed oil, olive oil may 
also be used for temporary mounts. Glycerin jelly may be used to seal 
such mounts. 

4. Resinous mounting media serve in general the same purposes for 
plant and animal tissues. 

Damar balsam, or gum damar, is a very excellent and economical 
mounting medium, and one which should displace Canada balsam. The 
crude product as packed by dealers generally consists of vari-sized lumps 
and powder. Most of the trash is mixed with the finer material, so that if 
the lumps are picked or screened out a notable saving is accomplished 
in subsequent clarification. A general method of preparation, then, is to 
discard powder and trash, rinse off the lumps with xylol, pick out any 
dirty ones and dissolve the clean remainder in xylol, or if a more rapidly 
drying reagent is desired, in benzol and filter. Some difficulty may be 
found in filtering off the trash, and the product may not be perfectly 
clear. This is not serious in itself, but as users of this mixture used to 
report a little crystallization of the medium in old slides, it may be symp- 
tomatic of other defects. The writer offers an alternative method which 
he hopes has eliminated both difficulties, for preparations made ten years 
ago are consistently found to be in perfect condition. 

The crude material, preferably only the lumps, is melted over a 
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Bunsen flame. The fluid product is poured into an ample volume of the 
ultimate solvent (benzol preferred) with constant stirring, to produce a 
quite weak solution. When the coarser trash has settled the balance is 
decanted through a loose plug of glass wool in a funnel, then filtered 
through a couple of thicknesses of lens paper in a ridged funnel, and 
finally through a soft filter paper. The main difficulty in filtering seems 
to be due to a slimy hocculent contamination which settles with ex- 
treme slowness. However, if dilute, the solution passes very quickly 
through the strainers indicated and yields a perfectly clear, pale amber 
fluid which, since it is too dilute for most uses, should be allowed to con- 
centrate in a warm place. If a little more of the flocculent precipitate 
separates out it can be discarded by decanting. A large batch of the 
medium can readily be prepared in an afternoon by this method. This 
solution is freed by the preliminary heating of any moisture which may 
have been contained in the resin, and the final solution is much cleaner 
than by the alternative method. Damar balsam offers the important ad- 
vantage of resisting marginal oxidation around the perparation so that 
hematoxylin slides do not fade. Aniline dyes are perfectly safe also, and 
as damar is much less yellow than Canada balsam, blue dyes show to 
better advantage in thick mounts, and for photographic purposes it offers 
less of a color-filter action to disturb actinic adjustments. (For algae, etc:., 
see p. 226.) 

When mounting delicate filamentous organisms (as algae) the damar 
should be diluted with 10 to 20 parts of benzol or xylol and the speci- 
mens placed in this diluted mixture to concentrate by evaporation. This 
method will avoid the shrinkage resulting from placing a resinous mount- 
ing medium in full strength directly upon such organisms. 

Canada balsam, as sold for student use in collapsible tubes, is often, 
even generally, simply the natural resin filtered free from debris. It con- 
tains turpentine and other substances harmful to stains and what is 
even more troublesome, oils that evaporate slowly, so that the mounts 
made with this product (usually called “paper filtered Canada balsam'") 
harden only after many months. For proper use this raw balsam should 
be gently heated over a flame or sand bath to a temperature that will 
volatilize these hydrocarbons so that the mass, when cool, is quite hard. 
It is then dissolved in xylol, toluol or benzol, the last evaporating rather 
more readily than the xylol. Chloroform is to be avoided because it fades 
some aniline dyes. The solution used for most plant histology, especially 
where the sections are rather thick, should be like thick cream. For cel- 
loidin and paraffin sections, as for most zoological work, the solution 
should be much thinner. It should harden firmly around the edge in 
twelve to twenty-four hours (less for thin mounts) . The universality 



20 S MICROSCOPICAL TECHNIQUE 

of adoption is one of the chief recommendations of this medium. When 
critically inquired into it is found open to serious objections. If the 
heating has been insufficient volatile oils remain that are dangerous to 
aniline dyes. Mounts at first satisfactory gradually deteriorate centripet- 
ally as yellowing and oxidation of the medium progresses inward, for this 
acid condition readily fades hematoxylin preparations and some aniline 
dyes. A peripheral third or more of a cytologicahmount may thus be 
ruined in five to ten years, and where such slides have value as records this 
is very serious. For filamentous plants a special technique is most effec- 
tive (p, 229) . 

For mounts which it is desired to retain in a rather soft condition for 
a considerable length of time raw Canada balsam may be used, or 
thickened cedar oil, or Venetian turpentine (p. 203) . The latter does not 
require dealing before mounting nor does the mixture sold under the 
name of Euparal, which is a very useful mounting medium entered from 
alcohol of 70 per cent (?) or higher. Euparal does not seem to fade dyes, 
but is liable to cause considerable shrinkage in any plant material whose 
cells are not laid open by a sectioning device (as Fucus sporelings, algal 
filaments, etc.) . For work with diatoms where it is desired to secure the 
maximum refractive index possible, styrax or tolu balsams are often used. 
They may be prepared as damar by the cold method, and are usually 
dissolved in chloroform, which allows the slide to harden quickly. Re- 
cent investigations by Hanna^^ show that he has succeeded in preparing 
a permanent resinous medium synthetically which has a refractive index 
of 1.70, exceeding 1.82 when hardened. It is soluble in xylol or benzol, 
and has a somewhat yellow color, but is excellent for work on diatoms 
or chitinous structures. 

Balsam mounts are cleaned after they have hardened, when it is cus- 
tomary to clean around the cover glass by scraping and wiping with xylol. 
A better method is to prepare a mixture of equal parts of xylol and 95 
per cent alcohol, and then add water to this clear mixture drop by drop 
with shaking, stopping just short of milkiness. If too much water is added 
the alcohol and xylol will separate, which requires that the bottle be 
shaken frequently during use. If this separation or milkiness occurs 
add a few drops of absolute alcohol and shake until the mixture again 
just becomes clear. Keep in wide-mouthed bottles and dip slides in the 
solution until the excess balsam is softened enough to wipe off. If the 
mounts are not unusually thick this fluid will not show a tendency to cut 
under the cover in normal use. 

5. Balsam infiltration mounting method is an alternative to the 
Venetian turpentine method (below) and much preferred to it by the 

Hanna, G, D. Science, 65: 575, 1927. J. Roy. Micros. Soc., 50; 424, 1930. 
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writer for filamentous algae and fungi, prothallia, etc., and is a method 
long since adopted by various Continental workers handling this type 
of material. The filaments are stained in Heidenhain’s hematoxylin, 
safranin and light green, safranin and aniline blue, phloxine B and ani- 
line blue or other suitable combinations (p. 185) . From aqueous stains 
they placed in 5 per cent glycerin and this concentrated by evaporation. 
From stains in alcohol, dehydration is usually completed through alcohol. 
The concentrated glycerin is removed very carefully (if necessary) by 
several changes of 95 per cent alcohol. It usually sticks to the mass rather 
closely. Two or 3 changes of absolute alcohol follow, then a series of 
about 6 to 10 intermediates between alcohol and xylol (as: 5:1, 4:2, etc., 
or 9:1, 8:2, etc., the longer series being preferred) . The time in absolute 
alcohol and these xylol mixtures can usually be reduced to five min- 
utes or less; they are followed by 2 or 3 changes of pure xylol. It is then 
placed in dilute Canada, or better, damar balsam, in strength about 
or less of that used for ordinary mounts. This is allowed to concentrate 
by evaporation at room temperature or near a radiator. The transfer to 
the balsam is somewhat critical; this must be very dilute. The writer 
found greatest liability to shrinkage at this point, but the remedy is 
simple. Evaporation to a mountable consistency should take about two 
days (rarely more) for delicate material (Spirogyra, Vaucheria ) . The 
filaments should be dipped up with a section lifter and placed on the 
slips with the solution in which they have been prepared. If the volume 
is insufficient it may be augmented with a little more dilute (on no 
account more concentrated) balsam. The mounts harden quickly and are 
altogether permanent. Advantages over the Venetian turpentine method 
lie in the avoidance of the very critical alcohol-turpentine transfer with 
the danger from water vapor and the bulky desiccators; in the more rapid 
hardening of the mounts; in the wider choice of stains available; in the 
more ready availability of the medium and its somewhat higher refrac- 
tive index, etc. This method is extremely good for all delicate material. 
Vegetative Spirogyra, for instance, should show no shrinkage, while even 
late conjugating stages come through exceptionally well, although it is 
very difficult material. 

6. Venetian turpentine infiltration mounting method has been so 
capably presented and praised by Chamberlain^^ special commenda- 
tion is superfluous. The writer considers the balsam infiltration method 
to be distinctly preferable. The process follows that method to the abso- 
lute alcohol stage. The turpentine is used as a 10 per cent solution in 
absolute alcohol. Material is placed in it from absolute alcohol in an open 
dish and immediately put into a desiccator over soda lime. Here it be- 
Chamberlain, C. J. Methods in Plant Histology, 1924, p. 101. 
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comes concentrated to a mountable consistency. The turpentine at lo 
per cent is excessively sensitive, absorbing atmospheric moisture and 
clouding readily. The denser solution in which the material is mounted 
is not so sensitive. This method eliminates the xylol-alcohol stages, but 
has various disadvantages (p. 202 ) . Exceedingly successful results may be 
achieved by it. 


B. CYTOLOGICAL METHODS 
VI. Choice of Methods and Standards 

Choice of methods and standards by which the results may be judged 
constitutes the most difficult problem in cytological technique. It is no 
longer possible to give a concrete schedule which by minor variations 
can be considered as covering the requirements of studies in plant 
cytology. It is not enough to consider what plant is to be the subject 
in planning a technique, nor what organ of it, nor the particular cells 
and their structural positions, but one looks to the cell organs of special 
interest and their physiological state, usually as it may be marked by a 
mitotic phase or some other condition associated with a distinctive mor- 
phological picture. Since, with the newer developments in using chro- 
mosome numbers as distinguishing features in genetical work, a vast 
number of published data have been based on studies using technique 
of the most primitive character, it becomes necessary to distinguish much 
more sharply than has been done in the past between processes which 
promise to produce results of fundamental importance in pure cytology 
and those which only subserve chromosome counting and similar utili- 
tarian purposes. Studies of the latter class will assist geneticists, but they 
will not advance the basic knowledge of cell processes. Although the 
difficulties of making such studies may be considerable, and although 
there may be physical obstructions in the way of easy observation, yet 
they will always rank as requiring a lower grade of effort and method, 
less knowledge of general cytology and less constructive imagination than 
studies from which knowledge of a process rather than a mere list of 
figures is the ultimate result. 

It is not possible, naturally, to mark a sharp line of distinction be- 
tween critical and applied cytology, but it is vitally important to indicate 
the wide range of results required and of methods appropriate to these. 
Material which has been prepared by methods suited to the mass produc- 
tion of modern utilitarian data, counts, etc., that hardly more than serve 
to relate the plant as represented by one cell organ to other plants, is 
rarely, if ever, suitable as a source of information on basic conditions 
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and changes in the cell as an organism or an organ. This cannot be too 
strongly emphasized. It appears to the writer most unfortunate that per- 
sons familiar with the methods suitable for counting purposes should 
have so freely fallen into the erroneous idea that because the cells ap- 
pear unshrunken and the chromosomes distinct at metaphase then all 
other nuclear division stages (not to mention cytoplasmic features) must 
be correctly portrayed. As a matter of fact this is far from true; in hardly 
any of the recent studies in which chromosome enumeration was the 
prime desideratum are the other cell features when described (chromo- 
some form, prophase and anaphase structure and history, all cytoplasmic 
organs) even approximately truthfully interpreted. It is quite impos- 
sible for a man in two or three years to count the chromosomes in scores 
of individuals (not to say species) , to do so by methods which would 
correctly preseive the more critical phases and still have time to observe 
intelligently these conditions, interpret them in scholarly fashion and 
record them in a clear style. The attitude of mind which would lead 
him to undertake the counting of a long range of forms would prohibit 
the more critical labor, even though a technique may be perfected (p. 
166, new smear method) which will enable him to accumulate quickly a 
great mass of critical material. In no ease is it safe to draw even the 
more elementary conclusions as to the cell history from material fixed 
after the old style methods, involving unopened or even opened flower 
buds, large unopened anthers, cells in the depths of root tips or com- 
parable conditions in other than phanerogam plants. 

A primary distinction must be drawn between three types of cytologi- 
cal study, viz., those of cytosomic, mitotic and nuclear elements. First 
come those involving the general structure and the vegetative organs of 
the cytoplasm. These methods involving the structures (or appearances) 
in plant cells called Golgi apparatus, mitrochondria chondriosomes, etc., 
are studied by methods not essentially different from those used on ani- 
mal cells, for which most of them were designed. Consequently reference 
to these methods should be made (p. 265) . 

1. Flagella are generally most readily demonstrated by methods 
adapted equally to the motile stages of algae or to protozoa. Bark field 
illumination is highly effective. Fixation of organisms in a small hanging 
drop by osmic acid vapor followed by drying of the sample and staining 
by Loeffler's bacteriological technique (p. 142) is often effective. Simple 
fixing and staining under a cover glass with aqueous iodine is also often 
effective. 

2. Protoplasmic connections (Plasmodesmen) between cells are 
generally made more evident by the swelling of the walls. They are most 
suitably demonstrated in algae (p. 255) or in endosperm of seeds, sieve 
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tubes, cortical tissues of some gymnosperms, etc. They may be fixed 
adequately with simple i per cent osmic acid and stained with crystal 
violet or pyoctanin (3 per cent aqueous) . If the walls are to be swollen 
this may be effected with 55 per cent (or stronger) sulphuric acid to 
which iodine may be added. 

3. Chromatophores (including chloroplasts and leucoplasts which 
have essentially the same structure) are legitimately discussed here. In 
studies attempting to trace their origin from mitochondria-like bodies 
methods from page ^65 should be selected. Comparatively little informa- 
tion as to chromatophore structure appears to derive from preparations 
using the standard Flemming’s fluids, Benin’s and Gilson’s mixtures, 
etc. but they are quite satisfactory for studies on chromatophore form, 
especially the first group, provided the fluid acts quickly enough to pre- 
vent contraction of the plastid. 

4. Pyrenoids show quite satisfactorily after these same fluids and 
their position in relation to starch grains, etc., may be determined. Mate- 
rial fixed in saturated alcoholic bichloride of mercury and thoroughly 
washed may be stained for twenty-four hours in 0.2 per cent acid fuchsin, 
when the pyrenoids should be bright pink, the nucleoli by contrast not 
stained. As the chromatophores are quite responsive to toxic agents it is 
essential that killing be very rapid to prevent these contraction altera- 
tions. After fixing, washing and dehydration follows a moderately close 
schedule (p. 161) . Some pertinent data have recently been presented by 
Zirkle*^*^ who has worked with monochromatic light on living chromato- 
phores. 

5. Eleioplasts may be fixed like chromatophores, but special methods 
have been suggested. Material fixed in saturated aqueous picric acid is 
stained in a solution of aniline blue in water which has been turned from 
dark blue to a Delafield’s hematoxylin-like purple by the cautious addi- 
tion of alkanin. After several hours the eleioplasts should show purple, 
contrasting with the light blue of the plasma, the dark blue of the nu- 
clear chromatin and the red of oil droplets. In neutral glycerin gelatin 
the colors hold fairly well. As the exact method of functioning of these 
structures is obscure there is need of more intensive study of them, and 
the student should refer to the literature for other methods. 

6. Polar caps, spindle fibers, cell plates, asters, centrosomes and 
blepharoplastis, constituting a second type, come in a group of cyto- 
logical structures that appear during cell division. The last two are often 
peculiarly responsive to osmic acid, failing to be visible, for instance, in 
chrom-acetic' preparations, but with the osmic acid coagulating firmly. 
A good example is the spermatogenous cells of Ginkgo, where the big 

®®Zirkle, C. Amer. J. Bot,, vol. 13, 1926. 
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spherical bodies that organize the blepharoplasts stain deep black after 
chrom-osmo-acetic but appear only as empty cavities after chrom-acetic. 
On the other hand polar caps and spindle fibers are of reduced visibility 
in preparations where osmic acid is present in large amount. The fibers 
are probably excellently preserved. The trouble lies in the fact that in 
these the cytolymph is much more completely precipitated than in the 
absence of osmic acid and so the fibers no longer stand out against a con- 
trasting background. If studies are being made on the organization of the 
spindle by a chroin-osmo-acetic fluid then one should reduce the osmic 
acid as far as possible, following fixation and washing by dehydration and 
clearing with a moderately close schedule (p. 162) . If the reduction of 
osmic acid is carried to excess the cytoplasm will appear as a mass of 
coarse vacuoles due to the disappearance of the most bulky portion of the 
cytoplasm. The irregular coagulation of the remainder will distort the 
fibers and give a false impression of the positions of these and of the 
other cell contents. Especially during mitosis and meiosis is this impor- 
tant, because lacking the support of the more completely coagulated cyto- 
lymph the chromosomes become clumped together. This appears to be 
the reason why persons working with plain chrom-acetic solution or other 
fluids that incompletely fix the cytoplasm (which are often used in 
chromosome-count studies because of the ease in getting a brilliant stain) 
report that the chromosomes are closely clumped together even when the 
cell offers ample room for the metaphase plate to spread out. 

7. Nuclear and chromosomal structures, the subjects of the third 
type of study, can in certain features be preserved well even though the 
cytoplasm is badly fixed. On the other hand many elements of cyto- 
plasmic structure cannot yet be preserved by any methods suitable for 
nuclear organs, although conserved readily enough by their own special 
technique. The feature of cell construction which is most notably upset 
by imperfect cytoplasmic coagulation is the space relation between the 
formed elements. For instance, unless the cytoplasm is well and finely 
precipitated the chromosomes tend to clump together, as was mentioned 
above. This is a rather obvious phenomenon the danger of which is far 
too often discounted. The little rounded chromosomes which are usually 
reported as practically touching probably do not normally approach each 
other closer than to one-half their own diameter. Completeness of fixa- 
tion of the cytoplasm avoids this artifact and enables counts to be made 
much more readily. 

Organic adjuvants, especially sugars of which maltose and saponin 
appear the most adaptable, seem to assist in preventing clumping (p. 
218) . They also assist in maintaining the space between longitudinally 
cleft chromosome and spireme halves, and have contributed toward a 
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clear recognition of the chromosome tetrad in plant cells. This may 
come from expediting the penetration of the fixing fluid. With the 
clumping of the chromosomes is associated a tendency for their con- 
traction, most visible of course, longitudinally. While obviously more 
rigid than the surrounding materials, they are distinctly responsive to 
changes in the fixing fluids, and readily contract if slowness of penetra- 
tion or incompleteness of coagulation enable them to do so. There is no 
proof that this effect is necessarily equal on all chromosomes in a given 
complex, so all studies involving a comparison of chromosome lengths 
must be conducted with the utmost precaution to prevent this contrac- 
tion. It is not practicable to judge this directly, for the absolute lengths 
of chromosomes of a given kind vary from cell to cell even within a 
single kind of tissue depending on the stage and rapidity of mitosis or 
other factors, and even more between different kinds of tissues. The 
easiest guide to a recognition of such a change is the critical observation 
of the state of the fiber attachment or other constrictions, and of the 
satellites. If these are quite distinct, and the fibers attaching the satellites 
are not shortened, there is good reason to feel that the chromosomes 
themselves are in normal condition. Even for this some standard of ex- 
cellence is necessary, but a matured experience guided by these criteria 
is less likely to err than in judging contraction directly, where the normal 
for a given kind of cell may vary greatly. 

To what degree constrictions of various kinds are a normal chromo- 
some character is not wholly clear, but it appears that they are present 
at least in any chromosome large and long enough to exhibit them at the 
region of fiber attachment and in frequent cases may appear elsewhere. 
They certainly are the morphological expression of one phase of a longi- 
tudinal differentiation of the chromosome, and experiments with chloral 
hydrate have demonstrated a rather extensive, if ordinarily obscure, con- 
tinuance of this differentiation. 

Furthermore, direct observation of living cells may be employed (in 
favorable cases) to gain an idea of the natural conditions. It is worth 
while, however, to direct a warning remark » against undiluted faith in 
observations on unstained (including living) material, or material under 
weak intra-vitam stain. The technique of such observations is discussed 
elsewhere (pp. no, 117, 281). The difficulties of interpretation are great, 
and require a special training not furnished by experience on stained 
material in resinous media. 

The remarks that have been emphasized on the importance of a com- 
plete fixation of the cytoplasm for general studies and particularly for 
studies on the chromosomes doting cell division apply well regarding the 
nucleus in maintaining the relation between its parts. The following 
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statements, although specially adapted to such laboratory types as Allitim, 
Galtonia or Fritillaria and to root tip cells, are really quite generally ap- 
plicable. It is perfectly obvious on an inspection of the drawings accom- 
panying a great many recent cytological studies that the fixation of 
nuclear material was limited to the nucleolus and the spireme or its rep- 
resentative granules. The rest of the nucleus in the fixed preparation is 
empty. It is far from this in the living state, being filled with a quite 
coagulable karyolymph. To expect the chromatic elements of the nucleus 
to maintain their proper relative positions without the support of this 
matrix would be obviously absurd. It must therefore receive careful con- 
sideration in judging the value of the fixing fluid used. If the precipita- 
tion is too dense it will be hard to secure a satisfactorily differential stain 
of the finer chromatic elements. Therefore the karyolymph should be 
coagulated in a fine-grained soft mass rather than the heavy refractive 
mass which comes, for instance, from an excess of osmic acid. If this is 
properly effected very little displacement of the contents of the nucleus 
will occur. It will be found that the apparent peripheral state of the 
granules of the resting nucleus and of the early spireme stages is only an 
artifact and that they are generally disposed through the nucleus. 

The nucleolus will not show a bubbly structure, but will usually ex- 
hibit a smooth texture with sometimes one or more darker bodies. It 
will not be surrounded by a clear space, which is simply due to the 
shrinkage of the other nuclear contents from it, generally because of in- 
adequate fixation of the karyolymph. This artifact is in itself conclusive 
proof of bad preservation of the nuclear contents. Inspecting the spirem 
one is able to recognize its duplex character far forward into the earliest 
stages, in fact probably as far as its thread-character can be traced. In 
somewhat later stages segmentation of the spireme and the first traces 
of the constrictions can be seen. In the cytoplasm the polar caps will be 
recognizable and the clumping of the chromosomes usually associated 
with the breaking down of the nuclear membrane will not be very great. 

The amount of differentiation which it will be possible to demon- 
strate within the metaphase or anaphase chromosomes is problematical 
and more within the province of a research paper than a general intro- 
ductory statement such as this. With discretion respecting the fixing fluid 
and the infiltration, it should be possible (especially with a curtailed 
hematoxylin staining schedule) to recognize a good deal of specialization. 
It appears probable that at least in the larger chromosomes in vegetative 
anaphase there are spiralled threads sometimes bearing chromomere 
granules. 

A few further general suggestions may be offered respecting cytologi- 
cal criteria in meiotic and post-meiotic material. The hematoxylin smear 



210 


MICROSCOPICAL TECHNIQUE 


method (p. i66) has confirmed several features of chromatin distribution 
previously in more serious question, so that the general standard to be 
demanded of preparations of such stages is higher than a few years ago. 
In the resting stage and very early prophases the chromatin material 
usually does show a general distribution throughout the nucleus, even in 
the absence of a good preservation of the karyolymph. Since that sub- 
stance is more readily coagulable at this time than later, many kinds of 
cells show quite respectable preservation in a fluid that is not adequate 
for later stages. However, very careful attention to this phase and the 
use of a fluid more effective with the karyolymph notably reduces the 
confusion and indefiniteness of distribution of the very early spireme and 
apparently granular stages and offers good prospect of an eventual com- 
plete interpretation of them. It is to be expected that a spireme will be 
recognizable far into the prophases toward the period of the first con- 
centration of the chromatin. This spireme (at least in large spore or 
pollen mother-cells) will be seen to be double. It is to be hoped that in 
later stages (strepsinema, etc.) more cases of a tetrad structure will be 
demonstrated than are at present known. It is possible to expect a great 
reduction or even (in cells not too resistant to fixing fluids) an elimina- 
tion of the contraction feature known as synizesis (by botanists often 
‘‘synapsis”) which represents simply the collapse of the spireme by reason 
of lack of support of the coagulated karyolymph at a time when the 
spireme is particularly slender and delicate. The conditions proper for a 
truthful exhibition of spireme and pre-spireme conditions (if the latter 
ever exist) are notably absent from most preparations of meiotic cells, 
for the correct preservation of them is far from the casual matter gen- 
erally assumed. It must be understood that pollen or spore mother-cells 
discussed in the preceding paragraphs have been preserved without 
shrinkage of the cytoplasm, or practically so. It is almost impossible to 
conceive of accurate nuclear studies being made on material where even 
the cytoplasm surrounding the nucleus, easier by far to conserve prop- 
erly, has not been able to resist malformation by a badly designed fixing 
fluid. If the pollen mother-cells cannot be exposed to the fixing fluid 
directly they will generally shrink, and in the case of small anthers or 
sporangia little can be done about it. As such material is unsuitable, if 
the problem contemplated involves detailed and critical observations 
other species of plants should be selected. 

In the case of embryosacs and deeply immersed megaspore mother- 
cells of conifers a comparable situation holds. It is practically impossible 
to get a fixation of these suitable for really critical work. What sugges- 
tions can be made are offered on page 214. The stages secured will have 
to be presented for what they are worth, without offering them as evi- 
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dence on matters of critical importance respecting spireme constitution 
and behavior. It has frequently been considered by plant cytologists that 
they have observed transverse division (“fragmentation”) of rather elon- 
gated chromosomes, and various interpretations have been made of this 
process. Where there is opportunity to judge it seems that the lines of 
division are sharp, the ends square-cut, and not constricted across as one 
would expect. It may confidently be assumed that these always represent 
fractures due to imperfection of the sectioning process: too brittle par- 
affin, dull or ragged-edged knife, etc. It is hardly likely that they are any- 
thing but artifacts. The positions in which they appear are fortuitous 
rather than definite like the chromosome constrictions. Chromatin ex- 
trusion from the resting nucleus or the early spireme stages is also an 
artifact due perhaps to pressure on the tissue in cutting or some other 
early stage of preparation. 

VII. Examination of Living Cells 

The study of living cells, usually pollen mother-cells, in search of 
cytological data has resulted in contradictory reports, particularly with 
respect to the details of mitosis. Somewhat more satisfaction has resulted 
from the use of intra-vitam dyes, but here the actual health of the cell 
has been much in doubt at times. (For a discussion of the methods ap- 
plicable to plant problems see p. 212.) The morphology of the colored 
elements of the cell, chromatophores, eyespots and the like, may best be 
determined in the living state, and require no special methods. Chro- 
matophores with dilute pigmentation may be made such more evident 
and studied much more readily if a suitable ray-screen is placed below 
the condenser. A ready selection may be made from the complete and 
accurate series prepared by Wratten 8c Wainwright and distributed in 
the United States through the Eastman Kodak Company. It appears that 
an important new approach to the effective observation of living cells 
may result from the studies of Kuwada and Sakamura^-^ and Sakamura.^^'"^ 
These investigators found that the acidity of the medium in which the 
observations are made has a very striking effect on the distinctness of the 
chromosomes and of their structural elements. They found that there is 
a general tendency for the chromosomes to swell as the pH of the medium 
passed from 1.7 toward 6.7, and that this is, within wide limits, a re- 
versible reaction. As the chromosomes contract they and their structures 
become more visible (in the living state) and as they swell these disap- 
pear, so that the chromosomes at metaphase appear to be represented by 
Kuwada, Y,, and Sakamura, T. Protoplasrna, 1: 239, 1926. 

®®Sakamura, T. 1: 537, 1926. 
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hollow cavities in the cell showing little content, even with dark-field 
illumination. Observations may be made in the viscous material from the 
anther cavity if that is abundant enough, or the anther squeezed into a 
drop of olive oil and this pressed out under a cover. In this latter method 
few of the pollen mother-cells actually come into contact with the oil, the 
rest remaining surrounded by the material from the anther cavity, even 
when it is small in amount. If COo is passed over material under ob- 
servation it is found that as the gas is absorbed by the cells the obliquely 
transverse banding of the chromosomes becomes increasingly evident, 
and as the gas is driven out of the drop by a current of CO^-free air the 
chromosomes swell and the structure becomes indistinguishable. For 
Tradescantia it was found that a pH of 5.0 (or a little more acid) was 
about correct for a well buffered medium comparatively insensitive to 
the action of alkali. The anther content is distinctly alkaline and readily 
affects a lightly buffered suspension medium. The experimenters got the 
best results in demonstrating the spiral structure of the chromosomes of 
Tradescantia when the dye, neutral violet extra, was dissolved to .025 per 
cent in a solution of pH 4.38, and observations made on the peripheral 
units of the masses of pollen mother-cells. They consider that the spiral 
structure of the chromosomes is a natural feature easily lost from view 
by the swelling of the chromosomes or accentuated by their slight con- 
traction. The spirals may be fixed in various ways, even by simple boiling 
water. 

Intra-viiam stains have met with limited use on plant material due 
to the firm nature of the cell wall, the frequent presence of pigments, 
cutin and so forth. However, when the nature of the organism permits, 
a procedure very similar to that available for animal cells can be used. 
Root hairs, larger aquatic plants and aquatic algae and fungi can simply 
be immersed in aqueous solutions of the dye chosen. Hairs of pistils, 
stamens, leaves, etc., and stripped epidermal layers can usually be kept 
in good condition and stained in an isotonic solution. Sometimes suit- 
able staining of vascular plants can be secured by immersing the cut 
ends in a fairly strong solution. Perhaps this is hardly strictly “intra- 
vitam'' staining in the cytological sense, although cells bordering the 
vessels do take up some dyes. If eosin is used and the plant is sufficiently 
tender (e.g., Impatiens Sultani) the entire stained shoot and leaves may 
be plunged in 2 per cent acetic acid in absolute alcohol to dehydrate 
and fix the stain and then after a few hours transferred to oil of winter- 
green (synthetic) to clear the preparation. For the accurate staining of 
living cells only a limited choice of dyes is available, of which the most 
important are methylene blue or neutral red (1:10,000 to 1:100,000) and 
bismarck brown (1:3,000) . They should stain nuclei, chromatophores, 
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etc., and it will often be found that the stain becomes more intense as 
the cell becomes injured by the treatment (p. 211) . 

VIII. Preparation of Cytological Material for Fixation 

This requires close attention to all possible ways of facilitating the 
action of the fixing fluid. Under general paragraphs appropriate to each 
major group of plants there have been assembled suggestions as to 
technological methods specially suited to them. Certain general precau- 
tions should always be borne in mind and will be discussed here. Al- 
though problems in connection with vascular plants have been used as a 
basis for wording these directions, the data may be adapted to other 
groups with little modification. 

1. Root and stem tips should be freed from sand and loam, and if 
they are covered with a mucilaginous investment it should be washed 
away if possible. The tips should not be more than 1 to 2 mm. in 
diameter at the very most, and if thicker, slices should be cut off oppo- 
site sides with a very keen piece of razor blade to reduce the axial por- 
tion to about 2 mm. so that the time for complete penetration should not 
be unduly prolonged. The mucous layer of air roots, or in other kinds 
the suberized root caps, can be eliminated in this way. The stem tip 
should be trimmed free from the leaf bases, ramenta or hairs. The 
desired portion should then be cut from the plant, detaching as small a 
part as practicable; certainly not more than 3 to 5 mm. long. In root 
tips it will generally be found that there is a meristematic region just 
back of the apex that is visibly more milky or yellow-opaque than the 
cap beyond it or the region of elongation above it, and this region con- 
tains all the material that is worth while for ordinary cytological pur- 
poses. The tips should each be plunged below the level of the fixing 
fluid instantly after cutting; indeed if any trimming is necessary it is 
well to do it under the level of the fixing fluid. 

2. The study of the meiotic phases by fixing buds, anthers or ovules 
intact has long been the favorite method. With the increasing require- 
ments of modern cytology for freedom from shrinkage, from synizesis, 
from chromosome clumping and contraction and for preservation of the 
internal structure of the chromosomes, such crude methods must rapidly 
fall into disrepute. In very tiny flowers it may be impossible to open the 
buds and these will then have to be fixed entire. Hairy buds may be 
dipped into 50 per cent alcohol for an instant to remove the air, and this 
sometimes helps when there are cuticularized surfaces which cannot be 
cut away or otherwise removed, but after alcohol they must be quickly 
plunged into the fixing fluid. This treatment should be omitted before 
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using Farmer’s or Carnoy’s fluids, or other formulas with a considerable 
alcohol content. Buds and capsules of lower plants containing air cham- 
bers should generally be placed, immersed in the fixing fluid, under a 
vacuum pump to remove all possible air. If it is possible to do so the 
flowers should be bisected, or a piece cut off one side. A mere longitudi- 
nal incision or a needle puncture is hardly effective. If the anthei's are 
i mm. or more long they should be carefully excised or the perianth 
trimmed from about them. At 2 mm. or more they can be cut across 
transversely, and if they are several millimeters long they can be cut up 
into small fragments, or handled by the smear methods (p. 165). For 
holding the fixing fluid while cutting, the writer uses a Syracuse watch 
glass with a layer of paraffin on the bottom. About 5 c.c. of fixing fluid is 
poured on the wax and into it are dropped the anthers, each cluster 
being immediately finely comminuted with a small, very sharp, scalpel 
of the size used for eye operations. The accumulated anther fragments 
and all extruded materials are then handled through the paraffin process 
by a sedimentation method like unicellular organisms, which is really 
very easily done. Truly superb fixation of meiotic cells may be obtained 
in this way, the quality approximating that afforded by the smear method 
(p. 166) with the advantages of ease in staining and of serial sections. 
The secret of success lies in bringing the cells to be studied into imme- 
diate contact with the fixing fluid. As the cells are squeezed from the 
anther they adhere to the cut surfaces, the walls in the sacs, etc., or even 
to each other so as to form considerable masses. In fact, in some plants 
the sac contents squeeze out in a rod-like mass when pressed from the 
anther, and if it is considered desirable they can be fixed, dehydrated, 
imbedded and cut in this form, yielding admirable results, as has been 
demonstrated to the writer by E. E. Carothers for Liliuin. The exposed 
grains yield infinitely more accurate pictures of true conditions than do 
cells buried even one or two layers from the surface. In the larger frag- 
ments it is easy to trace comparatively the difference in fixation quality 
from these exposed cells down the anther sac to the deeper-placed cells 
that show (in quite the most favorable way) the orthodox fixation to 
which plant cytologists have unfortunately become habituated. It follows 
from these remarks that studies on meristematic tissues, such as root tips, 
should be confined to cells very near the surfaces of the pieces, not more 
than 2 or 3 cell layers removed from direct contact with the fixing fluid, 
if observations of great nicety are to be made. 

Ovaries offer a worse situation. The problem is the same: to give 
direct contact between the fixing fluid and the embryo sac. In such 
ovaries as those of Liliaceae the walls should be dissected away. Then, 
with a very sharp razor, slices should be removed from the rows of ovules 
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so as to lay bare the deeper layers o£ the nucellus. If the embryo sac is 
opened the contents may be lost, or, on the other hand, exceptionally 
favorable results may be obtained. Large ovaries may sometimes be cut 
transversely into thin slices, thereby exposing the ovules more perfectly 
than if the ends alone were cut off. In ovaries with axial placentation the 
axial tissue may often be split up into as many strands as there are rows 
of ovules and these rows then removed and fixed individually so that 
correct orientation of each for longitudinal sections is obtained, and a 
great economy of material effected. Solid fixation of the nuclei is not 
necessary for studies on the development of the embryosac, and even a 
little shrinkage (it is almost inevitable) may be tolerated. But if a study 
is to involve nuclear cytology, meiosis, gamete fusions, etc., then the same 
criteria must be applied as in studies on microsporogenesis or mitosis 
(p. 209) . 

sporangia o£ bryophytes, pteridophytes and large microsporangia of 
gymnosperms should be cut open under the surface of the fixing fluid to 
facilitate immediate contact of meiotic cells and the fluid. Material not 
amenable to the orthodox methods should be abandoned for critical 
studies unless new methods can be worked out which will enable it to 
yield slides of a high standard of excellence. 

IX. Choice of the Fixing Fluid 

It is necessary to select the class of fluid to be used on a given subject 
by a process of elimination, having in mind the character of the material 
and the type of result required. The material and its possibilities will 
determine (a) that the most difficult studies on nuclear and cytoplasmic 
structures are possible by reason of its easy adaptability or (b) that 
greater or less difficulties interfere and only more obvious features of 
structure can be studied. For this second class it is wasteful to apply 
delicate methods, and more or less deliberate scientific falsehoods are 
perpetrated when an attempt is made to interpret the results beyond the 
natural limitations imposed by the material. For the first class the most 
delicate methods and the most critical interpretations may be attempted, 
or if only the more obvious features are of interest then quicker, less 
fussy methods may be used and interpreted accordingly. 

Under appropriate headings special suggestions are given for each 
great group of plants. Only the broader features are outlined here, in 
large part the angiosperms being used as a basis for the presentation. 
First, one must notice the amount of interference offered to the penetra- 
tion of the fixing fluid. If after the preparation of the material has been 
completed (p. 213) thick pectic layers, cutinized, suberized or lignified 
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membranes interpose themselves between the fixing fluid and the cells 
to be studied, then only the most uncritical results can be expected, and 
such formulas as those of Carnoy, Farmer or Gilson (pp. 217? ^18, 219) 
should be tried, for they are best fitted to overcome the resistance of the 
enveloping material If the interference is less, and is limited to thin 
mucous layers, but a few layers of cells with only moderately heavy cel 
lulose walls, a slight hairiness, etc., then (in addition to the fluids just 
named and with which more uncritical results are to be expected) more 
exacting studies may also be attempted and Navashin’s, Nemec’s, Flem- 
mings (strong) formulas, or Allen’s modification of Bouin’s fluid may 
be used. If the cells to be studied are, as a result of the preliminary 
manipulations, directly exposed to the fixing fluid, the exactness of 
action of the fluid is greatly increased. The results in these cases are far 
more under the control of the experimenter than in the others. It be- 
comes possible to fix for a particular feature of the cell structure, a par- 
ticular phase of mitosis. The student may take the more critical fluids 
and alter the proportions of the constituents to suit the demands of the 
occasion, especially with the two most adaptable, chrom-osmo-acetic and 
picro-formolacetic with chromic acid. In doing this due regard must be 
given to the specific functions of each of the constituents as described 
in the general section (p. 9) . It is remarkable that when the cells to be 
fixed are exposed directly almost all fluids function more perfectly than 
otherwise. Even quite violent fluids (as Gilson’s) show unexpected 
values for demonstrating particular features of the cell. However, the 
writer would recommend that the investigator make every effort to apply 
one of the chrom-osmo-acetic group of formulas and to adjust it rigor- 
ously to the material and the problem, for he feels that these combina- 
tions are the most logical in organization and the most adaptable, and 
that the work of very many investigators (including those most skilled 
in both plant and animal cytology) has demonstrated that practically 
all cell structures (apart from mitochondria and a few other similar spe- 
cialized cytoplasmic dements) can be better demonstrated by a well 
considered application of a chrom-osmo-acetic fluid than by any other 
so far devised. Having established by this method a certain hypothetical 
standard it is then advisable to try adaptations of other formulas, which 
often yield highly desirable short cuts to the demonstration of particular 
features. Delicate structures of higher plants (as developing trichomes, 
stripped epidermi from bulbs, etc.,) may be handled like delicate sporog- 
enous tissues. It is notable that if the amount of vacuolization of the 
living protoplast is low and the fluid can act directly, formulas with 
very violent action (Carnoy, Farmer, Gilson, pp. 217, si8, 219) can be 
used without the usual great shrinkage; consequently these have had a 
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deserved popularity in work on filamentous fungi and on cells of similar 
structure, such as are occasionally found among algae or developmental 
stages of higher plants. They should always be avoided if possible when 
there are one or more prominent vacuoles in each cell. 

Many of the fixing fluids used in plant technique are the same as 
those used in animal work (p. 552) . Because of the resistance offered by 
the cellulose or indurated walls in plant tissues it has become customary 
to use formulas more notable for their penetrating power and the ability 
to preserve unshrunken the grosser cell elements than for the precision 
with which they maintain the finer nuclear or cytoplasmic details. It is 
urgently necessary to realize that a solution giving a slide of a good gen- 
eral aspect may preserve in a totally untruthful fashion one or many 
details of cell structure, so that in cytological work the fluids should be 
selected and modified for very specific uses, and general-purpose formulas 
should be distrusted for definitive studies. The following formulas are 
in some cases somewhat modified from their original form. None are 
necessarily in the best adjustment for any given piece of work, and none 
should be discarded for a specific purpose without a carefully planned 
series of experiments involving such changes in the properties of the 
constituents as their individual characteristics suggest, and also changes 
in the manner of immersion and the temperature of fixation (p. 564) . 

Bonin' s Solution (p. 560) . In its original form it is not suited to plant 
protoplasm. 

Bonin's Solution, Allen's Modification (p. 561) . This gives a fixation 
notable for the brilliancy of the staining with Heidenhain's hematoxylin, 
and is specially suited for the making of chromosome counts. It is not 
(in the present writer’s opinion) suited for studies on prophase chromatin 
conditions. It is not suitable for use before Flemming’s triple stain. It 
should act for ten minutes to a few hours, depending on the material. 

Carnoy's Fluid (p. 558) . Since this fixes by dehydration it is a funda- 
mentally unsound combination for critical cytology; it usually produces 
extreme shrinkage, but may be adopted if it is necessary to penetrate 
hairy or cutinized surfaces and especially as a pretreatment before chrom- 
osmo-acetic mixtures, when it should be used for a short time varying 
from a minute or two down to but a momentary immersion. Such treat- 
ment is indicated when cuticularized or suberized surfaces, or masses of 
waxy or resinous hairs must be passed, and transfer to the effective fixing 
solution should be prompt. Farmer’s fluid may be used in the same way. 

Chrom-acetic Solutions. These solutions have good power of pene- 
tration, preserve the chromatin in its coarser aspects tolerably well, but 
fail to precipitate the karyolymph and some elements of the cytoplasm. 
Prophases are not well preserved, metaphases frequently are clumped 
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and the chromosomes contract longitudinally. While the fluids may be 
used for histological purposes, for general cell topography and for 
chromosome counting on easy material, they are not as good as the 
mixtures containing also osmic acid. Weak chrom-acetic. lo per cent 
chromic acid, 2.5 c.c., 10 per cent acetic acid, 5 cx., water to 100 c.c. 
Medium chrom-acetic. 10 per cent chromic acid, y.o c.c., 10 per cent 
acetic acid, 10 c.c., water to 100 c.c. Strong chrom-acetic. lo per cent 
chromic acid, 1.0 c.c., 10 per cent acetic acid, 10 c.c., water to 100 c.c. 
The fluids should act for a few minutes on delicate specimens, from 
twelve to twenty-four hours on tough ones. Washing may be done for 
approximately equal periods with running or frequently changed water, 
or during dehydration with alcohols provided the material be kept in 
the dark. The weak solution is suited for filamentous algae, fungi, pro- 
thallia and objects a few cells thick, the medium solution for root tips 
and ovaries, the strong solution for woody material and tough leaves. 
Farmer's Fluids. Absolute alcohol 6 pts., glacial acetic acid 1 pt., or 
a stronger formula, absolute alcohol 2 pts., glacial acetic acid 1 pt. The 
remarks and directions under Carnoy’s fluid apply here as well. 

iJhrom-osmo-acetic Fluids. This group of formulas represents a few 
of the possible combinations of chromic, osmic and acetic acids. Mix- 
tures involving these substances give by far the most truthful representa- 
tion of most of the elements of the plant cell, and a formula of the 
Flemming type is to be adopted if at all possible in studies on chromatin 
behavior or the cytoplasmic mechanisms with the exception of mito- 
chondria and a few other organs. It is best to keep the osmic acid for 
these formulas in a chromic-acid solution, for there it is more stable 
than in a simple aqueous solution. As, however, the addition of acetic 
acid or other organic adjuvants decreases the stability, it is best to make 
the final solutions up just before use. The formulas as given here are 
organized on the basis of a mixture of chromic and osmic acids. Benda's 
Modification. Chromic acid, 10 per cent aqueous, 3.1 c.c., osmic acid, 2 
per cent in 2 per cent aqueous chromic, 12 c.c., glacial acetic acid, 6 drops, 
water 41.9 c.c. Bonn Formula. Chromic acid, 10 per cent aqueous, 0.33 
cx., acetic acid, 10 per cent aqueous, 3.0 c.c., omsic acid, 2 per cent in 
2 per cent aqueous chromic, 0.62 c.c., water 6.27 c.c. Weak Flemming. 
Chromic acid, 10 per cent aqueous, 1.5 c.c., acetic acid, 10 per cent 
aqueous, 1.0 c.c., osmic acid, 2 per cent in 2 per cent aqueous chromic, 
5.0 C.C., water 96.5 c.c. Strong Flemming. Chromic acid, 10 per cent aque- 
ous, 3.1 c.c., osmic acid, 2 per cent in 2 per cent aqueous chromic, 12 c.c., 
10 per cent acetic acid, 30 c.c., water 11.9 c.c. Flemming for Smear 
Method and Root Tips (Taylor Modification). Chromic acid, 10 per 
cent aqueous, 0.20 c.c., acetic acid, 10 per cent aqueous, 2.0 c.c., osmic 
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acid, 2 per cent in 2 per cent aqueous chromic, 1.50 cx., water, 8.30 cx., 
maltose 0.15 gm. This last formula has proved exceedingly valuable in 
studies on chromosome form and structure. It should be made up in 
small quantities as required, with the aid of a 1 cx. pipette graduated to 
looths. The amount of maltose is subject to variation at the discretion 
of the experimenter, and seems to aid in keeping the chromosomes from 
clumping, in preventing satellites from fusing with the main chromo- 
some body or segmenting constrictions from being obliterated. La Cour"^*' 
has given a good resume of modern fixing methods, including some 
effective new mixtures. That designated 2be is representative and con- 
sists of chromic acid 10 per cent, aqueous 6 c.e., distilled water 134 c.c., 
potassium bichromate 1 gm., saponin 0.05 gm., acetic acid 10 per cent 
aqueous 5 c.c., osmic acid, 2 per cent in 2 per cent chromic acid, 15 c.c.; 
it is adapted to use on smears and small root tips. In general the weaker 
solutions are used on the more delicate filamentous plants, the stronger 
solutions on the more resistant ones. They should be allowed to act 
from a few minutes to twelve to twenty-four hours, and washed out as 
for the chrom-acetic series. All ordinary chromatin or cytoplasmic stains 
do well after these mixtures. 

Gilson's Fluid (p. 557) . Fixation is rapid, a few minutes usually 
sufficing if the objects are small. 

Helly's Fluid (p. 558) . It does very nicely for chromosome studies 
if the material is imbedded in celloidin rather than paraffin. Treat as 
after Zenker’s fluid. 

Nemec's Fluid. Chromic acid, 1 per cent, 25 c.c.; formalin, 2 c.c. 
Use a freshly prepared solution and fix for about six hours. Then pour 
off and replace with a fresh portion, to act for a further eighteen hours. 
The time is to be reduced for delicate organisms. 

This solution and its variants can be used in a rapid technique®'^ 
by going direct to 75 per cent ethyl alcohol and by intergrades to abso- 
lute normal butyl alcohol, following the butyl alcohol technique into 
paraffin. 

Nav askin' s Fluid (after Karpechenko) . Chromic acid 10 per cent 
aqueous, 1.5 c.c., acetic acid, 10 per cent aqueous, 10 c.c., formalin 0.83 
C.C., distilled water 23.67 c.c. See remarks under Nemec’s Fluid. 

Schaudinn's Fluid (p. 533) . This powerful mixture serves to fix 
on the slips spermatozoids, algal zoospores and flagellate types. It should 
be washed out with alcohol. 

Stromsten's Fluid. Stock solution: chromic acid, 10 per cent aqueous, 
16 c.c., acetic acid, 10 per cent aqueous, 100 c.c., water, 54 c.c. At the 

®®La Cour, L. /. Roy. Micros, Soc., 51: 119, 1931. 

^Randolph, L. F. Stain Technology, 10: 95, 1935. 
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moment of fixing add 2 parts of this to 1 part of formalin and imme- 
diately immerse the material. No washing is required and material may 
be preserved in the residual fluid, which changes color soon after mixing. 
Before imbedding it may, of course, be washed out in dehydration. 

X. Imbedding and Staining 

The cytological material after fixation is generally followed by dehy- 
dration (p. 162, longer schedule), clearing through cedar oil, or better, 
xylol-alcohol changes (p. .163), and infiltration with paraffin (p. 179) . 
Or, after dehydration the celloidin method may be followed (p. i8o) 
using a slow and careful schedule without heat. Cutting is accomplished 
by the usual means, but especial care is needed to keep the knives in 
perfect condition so as not to break or dislodge the chromosomes or 
other cell structures unnecessarily. The thickness of the sections neces- 
sarily varies with the problem, but usually ranges from 8 ^ to 12 /x for 
microsporogenesis studies, and 12 /x to 20 for embryosacs. The sections 
are affixed to the slips in serial order by the usual means (p. 183). 
Staining methods available are varied, Heidenhain’s hematoxylin being 
the most dependable, but with a wide choice of aniline combinations 
(p. 187) . The sections are usually mounted in damar or Canada balsam 
(p. 201). Minute objects not to be sectioned are handled in tubes by 
sedimentation, the reagents being supplied in succession. Filamentous 
algae and fungi are also frequently studied cytologically without sec- 
tioning (pp. 226, 236) . 

XI. Cytoplasmic Inclusions 

The methods of preserving tissues so as to retain various of the solid 
inclusions common in plant cells have been described (p. 159) . Further 
treatment leading to their recognition may be briefly indicated here, but 
as the topics are more microchemical than cytological in their nature, 
reference should be made to strictly microchemical discussions for more 
complete information. 

Starch grains freed from tissues (such as commercial starches) may 
be mixed with crystal or gentian violet and stained, the dye then poured 
off and the starch washed with saturated aqueous picric acid. The lamel- 
lae should be well demonstrated by this method. After picric acid the 
starch may be dried and mounted in balsam. The method may be 
adapted to sections, where safranin will also stain starch, as will thionin. 
For the simple recognition of starch aqueous iodine-potassium iodide is 
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the customary reagent, and should not be used too strong, as the dark 
color will obscure the lamellar structure of the grains. 

Protein stored in granular form as food reserve in cells is usually 
preserved by the ordinary fixing methods. Lyons blue among other stains 
strongly affects such material. The more complex aleuron grains are 
readily fixed by alcoholic mercuric chloride or picric acid. The ground 
substance is satisfactorily stained with alcoholic eosin, when the globoid 
and the crystalloid stand out by contrast. 

Crystals (rhaphides, tabular and conglomerate or druse crystals) are 
generally calcium oxalate, more rarely of calcium sulphate or other sub- 
stances. Barium chloride solution deposits barium sulphate about the 
calcium sulphate crystals but not about those of calcium oxalate (p. 158) . 

Inulin is in solution in the cells, but permanent preparations show- 
ing the sphaerocrystals in which it is deposited by alcohol are readily 
made (p. 158)- 

Glycogen is likewise in solution. It gives a brown color with iodine 
(iodine 0.1 gm., potassium iodide 0.3 gm., water 45 c.c.) which tempo- 
rarily disappears on warming the preparation. The substance can be 
precipitated in the cell. Material is preserved (e.g., fungus hyphae) for 
twelve hours in alcohol and then for twelve hours in 10 per cent tannic 
acid. It must then be very quickly washed (with the aid of a centrifuge) 
and stained in iron chloride solution, which colors the glycogen black. 

Paramylum is a type of stored carbohydrate frequently found in 
lower plants. The grains are apparently homogeneous or lamellate, 
rounded, rod-shaped, box-shaped or ring-shaped. They do not give the 
starch reaction with iodine, remain unaltered in 5 per cent potassium 
hydroxide, but swell readily and dissolve in a 6 per cent solution. 

Leucosin is a stored reserve also found in lower plants. It appears to 
dissolve in water when the cells are treated with fixing agents, acids and 
alkalies. 

Fucosan forms vacuolar bodies in the cytoplasm of Phaeophyceae, 
which are insoluble in water and do not stain with iodine. It reduces 
osmic acid and the older vacuoles blacken especially quickly. The vacu- 
oles stain readily with methylene blue. The fucosan vacuoles are fixed 
by 25 per cent hydrochloric acid or sulphuric acid. 

Volutin forms rounded bodies in bacteria, fungi, etc. These are 
readily fixed by alcohol, formaldehyde or picric acid. They stain readily 
with fuchsin and methyl violet, but resist eosin, and do not stain by 
Gram's method. They darken readily with iron-alum hematoxylin, but 
decolorize very readily on differentiation. Material strongly stained with 
carbol-fuchsin is treated with aqueous iodine-potassium iodide, when 
only the volutin retains the stain. 
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Tannin vacuoles are frequently found, especially in algae. They may- 
be readily stained in the living state with methylene blue (1:500,000) . 
The stain may be fixed with saturated aqueous picric acid in a few 
hours, rinsed, dehydrated, cleared through xylol, and mounted in balsam. 

Cystoliths of calcium carbonate are occasionally found, and require 
especial care in preservation (p. 157). They readily dissolve in dilute 
acids. 

Sulphur is frequently found as globules in a pure state on or in fila- 
ments of algae, bacteria or fungi growing in sulphurous waters. These 
globules are soluble in carbon bisulphide if the filaments are first killed, 
as by drying. 

Resin masses are usually colored green in material preserved in solu- 
tions containing copper acetate (p. 159). 

Caoutchouc and latex are treated under latex vessels (p. 159) . 

XII. Fatses 

Sections are made either with the freezing microtome or free-hand. 
Free-hand sections are better for all soft plant tissues, since freezing de- 
stroys delicate cells and may change the state of cell contents. Leaves, 
even small soft leaves, can be folded at the midrib, rolled gently be- 
tween thumb and forefinger into a compact roll and sectioned free-hand. 
Small seeds and spores may be imbedded in paraffin. Put the seeds into 
a small porcelain dish or tiny paper box, pour hot (not boiling) paraffin 
over them, and arrange in any desired position with a hot needle. When 
cooled, cut the paraffin cake into pieces convenient for holding and 
section free-hand. Hard coated seeds are best sectioned with the freezing- 
microtome. 

Neutral fats in storage organs in plants are either in the form of 
semi-solid globules (solid in a few plants) in a matrix of protein or are 
in fluid state. Those having a high proportion of oleic acid are fluid. 
Fats in meristematic regions are present as small droplets which may be 
extremely minute and difficult to identify. 

Two or more types of reactions are always made for the identification 
of substances in sections of tissue. The three most important reactions 
for fats in plants are: i, solubility; 2, staining (with Sudan III or scarlet 
red); 3, saponification, and 4, myelin formation. 

I. Solubility. Fats and fatty oils are insoluble in water, alkalies, 
and salts. They are soluble in ether, chloroform, acetone, absolute alco- 
hol (boiling) , xylol, balsam, and some other substances. 

Put sections on a slip in a drop of water. Examine the cells carefully 

Section on ‘Tats’' by Sophia H. Eckerson. 
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for drops having high refraction. Test their solubility in the fat solvents. 
Draw off the water with small strips of filter paper, adding 70 per cent 
alcohol at the other side of the cover glass. Then add a few drops of 
ether. Small droplets flow together and dissolve. Larger giobuies break 
up into small drops which flow together before going into solution. Test 
the solubility of the supposed fat drops in chloroform and in acetone. 
Lecithin, cholesterol, and the phytosterols are soluble in most of the fat 
solvents but are insoluble in cold acetone. 

Ethereal oils and resins (also caoutchouc in latex plants) may be 
present in the tissues as glistening drops; or resins may be in solid masses, 
usually colored yellow to brown. These are soluble in the fat solvents but 
can be differentiated with a fair degree of accuracy by their greater solu- 
bility in certain substances. Ethereal oils are easily soluble in glacial acetic; 
fats and fatty oils are soluble with difficulty. 

Add a drop of glacial acetic at edge of the cover glass. Ethereal oils 
dissolve; fats remain (ricinus oil is soluble) . To other sections add a drop 
of chloral hydrate (5:2 in water) . Caoutchouc drops swell greatly but do 
not dissolve (Molisch^^) ; ethereal oils dissolve; fats remain. Resins are 
only slightly soluble. 

Ethereal oils can be removed from the sections by microdistillation 
(Tunmann^^) in a few minutes. Sections are placed on fine gauze or 
cheese-cloth held between two rings and placed over a small steam bath. 
The sections can then be re-examined and the remaining drops tested 
with concentrated H2SO4. Resin drops or masses freed from ethereal oils 
dissolve partially or completely. If small granules are formed they do not 
flow together. Fat drops break up into smaller drops which flow together. 

2. Staining. 

Sudan III. This dye is insoluble in water; soluble in alcohol, but 
more soluble in fats and oils. This fact is the basis of its use as a fat 
stain. When a solution in alcohol comes in contact with fats, the dye 
leaves the alcohol and dissolves in the fats, coloring them yellowish red. 
In order to act as solvents for the dye, fats must be in fluid or semi-solid 
state. In the case of solid fats, a slightly higher temperature, rendering 
them somewhat pasty, is usually effective. 

A concentrated solution (approximately 0.5 per cent) of Sudan III 
in 70 per cent alcohol filtered and stored in a tightly stoppered bottle 
keeps a year or more. When testing for fats care must be taken to prevent 
evaporation of the alcohol with consequent precipitation of the dye. 

Mount sections on a slip in water and examine. Draw off the water by 
means of strips of filter paper, replacing with 70 per cent alcohol. Then 

®®Molisch, H., Mikrochemie der Pflanzen, Ed. 2, Jena, 1921. 

^Tunmami, O., Pflanzenmikrochemie., Berk, 1913. 
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add a drop of the Sudan III solution. After 15 to 20 minutes, draw off the 
dye, adding 70 per cent alcohol at the opposite side of the cover glass. 
Draw through, adding more alcohol to remove all of the excess dye. Then 
add a drop of glycerin or of levulose jelly (8 gm. levulose in 10 c.c. 
water) diluted with a drop of water to hasten the flow. Fats and fatty oils 
will be stained red; also suberin and cutin membranes, and ethereal oils 
and resins will be red if they are present. For permanent mounts levulose 
jelly is rather better than glycerin, since it clears better and hardens 
quickly. 

Sudan IV (Scarlet red) . This dye, like Sudan III, is insoluble in 
water, soluble in alcohol, and more soluble in fats, oils, and resins and in 
suberized and cutinized membranes. Since these dyes do not form salts 
(Michaelis^^) , they are ideal fat stains, especially for plant tissues where 
the cells contain many different substances. 

A concentrated solution in 70 per cent alcohol, filtered and stored in a 
tightly stoppered bottle, keeps for many months. Ten to 15 c.c. for daily 
use should be kept in a 15 c.c. bottle having a ground-in pipette with 
rubber nipple. If the pipette is always replaced immediately after use, to 
prevent evaporation of the alcohol, the dye does not precipitate out. 

When only minute droplets of fat are present in the cells, stain with 
scarlet red. After ten to fifteen minutes, remove all of the excess dye by 
drawing it off with filter paper, replacing with 70 per cent alcohol, until 
the filter paper shows no slightest trace of color. Then add a drop of con- 
centrated H2SO4. The red droplets flow together becoming blue as the 
dye dissolves in the acid (Tunmann) . 

Michaelis’ method is better since it does not involve the use of strong 
acid: After staining with scarlet red and removing all of the alcoholic 
dye, as before, add water, drawing off the alcohol. The scarlet red which 
was dissolved in the fat droplets is precipitated out in tiny clusters of red 
needle crystals. 

Other dyes which are soluble in fat, oils, resins, and in suberin and 
cutin membranes are sometimes used advantageously. All are made up in 
concentrated solution in 70 per cent alcohol. 

Alkanin (deep red) is a good fat stain. The chief objection is the long 
time required, four to sixteen hours. There seems to be a slow penetration 
into the cells as well as slow solution in the fats. 

Indophenol as a free base stains fats blue. Its salts do not stain fats 
(Michaelis) . 

Oil red A (Nat. Aniline 8c Chem, Co.) stains fats yellowish red. It is a 

Michaelis. L.. Fett. in Krause, R. Enzyklopadie der Mikroskopischen Technik. 
Eel. 3, Berlin, 1926, vol. 1, 
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rapid stain but the sections do not clear as well as after the use of Sudan 
III or IV. 

Dimethylarnidoazobenzol as a free base dissolves in fats giving them a 
clear yellow color, but it forms red salts with acids. The salts are not 
soluble in fats. As a fat stain it is satisfactory only with tissues containing 
neutral fats. In the case of acid tissues the cell contents ai'e likely to be 
pink while the oil droplets may be faintly yellow or unstained. 

Osmic Acid, Osmium tetraoxide is reduced to black metallic osmium 
by oleic acid, olein, mixed fats containing oleic acid, ethereal oils, resins, 
lecithin, and tannins. These substances are, in turn, blackened or browned 
by the precipitated osmium. The saturated fats and fatty acids do not 
reduce osmic acid. Thus the reaction is of limited usefulness as a fat test. 

Examine sections in water on a slide for highly refractive drops. Draw 
off some of the water, adding a drop of 1 per cent osmic acid. Note black- 
ening. The nature of the blackened or browned substance must be detei*- 
mined by other means. 

3. Saponification. This specific reaction should be made always in 
addition to the preliminary solubility and staining reactions. The best 
saponification fluid for the identification of fats in cells is made up of 
equal volumes of concentrated water, KOH and 20 per cent ammonium 
solution (Molisch) , stored in a brown bottle. It is well to make up a fresh 
solution every six months, since it deteriorates on long standing. 

Put sections on a slip in a few drops of the saponification fluid and 
cover, avoiding the inclusion of air-bubbles. Ring the cover glass with 
wax to prevent the formation of carbonates at the edge. Since from three 
to five days are required for complete saponification, it is best to keep the 
slide in a moist chamber. Observe the progress of saponification at inter- 
vals up to the fifth day, when it should be complete. 

Usually in sixteen to twenty-four hours fine needle crystals of the 
potassium salt of the fatty acid appear at the periphery of some of the oil 
drops. Oil drops at the edge of the section show the beginning of saponi- 
fication before those within the cells. After two to three days most of the 
fat drops will have the needle crystals at the periphery. A few drops may 
be completely saponified, leaving a group of the soap crystals. Some fat 
drops, without changing form, become doubly refractive, indicating that 
the fat is partially saponified. This type of partial saponification occurs 
more frequently if the strength of the saponification fluid is decreased, by 
aging or by dilution. By the fourth or the fifth day every fat drop should 
be completely saponified. 

Tartaric acid and some alkaloids form crystals with potassium hy- 
droxide but they are readily differentiated from the potassium-fatty acid 
crystals. The potassium-alkaloid crystals are formed quickly, usually 
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within 30 minutes; and they are in scattered clusters, not on the surface 
of droplets. Potassium tartrate does not form needle crystals. 

4. Myelin Formation. This specific reaction is especially valuable 
for rapid identification of fat globules. Essentially it is partial saponifi- 
cation with the formation of doubly refractive drops. 

Observe sections on a slide in 10 per cent ammonia or in 10 per 
cent KOH. Usually within 30 minutes the contour of fat drops changes 
and little protuberances appear, which may enlarge somewhat. Gradually 
the drops become doubly refractive. 

The remarkable myelin forms frequently pictured occur with the 
fats of comparatively few plants but all fats and oils show the early 
change of the globules from spherical to an irregular foiin. (Sophia 
Eckerson) . 

C. SPECIAL METHODS FOR PARTICULAR PLANT GROUPS 

It was advantageous to treat the first portion of the present chapter 
from the viewpoint of one plant group. The angiosperms were selected 
as offering the widest range of methods, and the most familiar illustra- 
tions. Therefore it is not necessary to discuss them much further in this 
second portion. In the degree to which the other plant groups differ in 
size and texture special methods are needed, and these are suggested 
here, with references back to the first portion. The bacteria have been 
handled separately (Conn, Chap, ni) . 

XIII. Algae 

In general the methods recommended in the more general sections 
for the preservation and preparation of filamentous specimens are appli- 
cable to algae, so that careful attention to the fixing and staining sec- 
tions will be sufficient to give a working basis for the start of an algal 
study involving the development of a precise technique. Therefore little 
attempt will be made to present here a complete description of methods, 
rather emphasizing the special aspects of a few peculiar adaptations. 

I. For herbarium specimens and general morphological studies 
many filamentous types are preserved quite sufficiently well simply by 
drying on clean glass slips or freshly split mica. These preparations, if 
made of marine organisms at the seashore, may remain moist, due to the 
hygroscopic properties of the salt, and so should be dried in the sun or a 
desiccator and kept carefully wrapped in a moisture-proof container until 
they can be filed under dry atmospheric conditions. When desired for 
use they may then be moistened with water, covered and studied with 
ease and without disturbing the specimen, and dried again for storage. 
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Care should be exercised in reporting cell measurements based on such 
material. It may be better to moisten with carbol-glycerin or lactic- 
glycerin (p. S98) , but this must be well washed off if the material is to 
be again d^ed. (For the handling of herbarium material dried on 
paper see p. 158.) Algae which adhere as close films to the paper are 
sometimes difficult to remove. With a keen knife, cut lightly through the 
surface of the paper around the margin of the piece needed. Then 
cover with a drop of water, let it stand for a time, and finally gently 
scrape loose the desired portion of alga with scalpel and needle, trans- 
ferring to a drop of lactic-glycerin on a clean slip, where further dissec- 
tion may be accomplished and the drop covered for study or preservation. 
Eosin may be used to stain such material before placing in lactic-glycerin. 

2. Properly fixed algal material is most generally secured by a 
suitable modification of Flemming’s fluid applied effectively, since this 
fluid may be expected to give the best results. It is usually well to start 
with a weak formula, at least on the filamentous types. Marine forms 
are, of course, fixed in solutions made up with sea water. Chrom-acetic 
mixtures do well for general habit and grosser cell structure, while 
formalin-acetic-alcohol and Keefe’s formula are good for preserving 
habit material (p. 1 57) . It is only common sense to avoid drying mate- 
rial on the slide, either before or after fixing, for any but crude morpho- 
logical studies. However, drying may be all right for observations on 
flagellae (p. 205) , and does no great harm for observations on the posi- 
tion of nucleus and pyrenoid in small unicells, but cannot serve for 
observations on chromatophore structure, since the chromatophores 
readily shrink. The fixed specimens of filamentous or unicellular types 
are washed, stained carefully in Heidenhain’s hematoxylin, safranin or 
magdala red, and counterstained if desired with erythrosin, orange G, 
aniline blue, cyanin or light green (p. 187) . Then they are dehydrated 
(pp. 12, 26) , cleared (p. 164) , infiltrated in balsam (p. 202) or Venetian 
turpentine (p. 203) and mounted. The filamentous types may also be 
imbedded and sectioned for nuclear details, the proceeding being gradual 

(p. 163) . The mucus so often present about algae frequently interferes 
with infiltration and imbedding. Dilute aqueous methylene blue will 
stain the cell walls of algae, particularly fresh Phaeophyceae, very read- 
ily. Mats of filaments (as Vaucheria) can usually be best prepared un- 
disturbed and later teased or cut apart just before mounting, and crusts 
of filamentous or unicellular types or sticks or stones can be scraped off 
and dissociated likewise just before mounting. (For handling sporelings 
or species cultured on slides see p. 235.) 

3. Epiphytic and endophytic types, if small, are best fixed, stained, 
and mounted in situ, or only removed just before mounting. For teach- 
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ing purposes it is often well to mount on a slip both light and dark 
stained samples, since chromatophores show best at quite a different 
degree of differentiation from that suitable for nuclei and pyrenoids. 

4. Myxophyceae when collected may be badly mixed with other 
forms. Oscillatoria and hormogonia of other genera will creep out from 
such a mass if it is placed on a wet slip in a damp chamber, and will 
spread over it, where they may be dried, or fixed in some cases by in- 
verting the slip flatly on the surface of a suitable fixing fluid. Dried 
mounts preserve the cell organization more effectively here than with 
most algae, but are quite unreliable from the cytological standpoint. 
Many species of the Stigonemaceae show splendid intercellular connec- 
tions. Accurate fixation through the sheath frequently present is prob- 
ably impracticable with present methods; indeed, critical inspection of 
the results of cytological studies on Myxophyceae suggests that little, if 
any, adequate fixation has been accomplished in the group. Staining 
with Delafield's hematoxylin is reported to give a polychrome result, 
some granules being blue and others pink in tendency. While the writer 
has seen no such specificity, it does give a good general stain. Heiden- 
hain's hematoxylin followed by erythrosin gives good contrast. Safranin 
stains mature spores well and can be followed by aniline blue, light 
green, crystal violet, or Delafield's hematoxylin. Methyl green stains 
young heterocysts readily. 

5. Chlorophyceae of the motile groups are handled in general like 
independent flagellate protozoa (p. 52s) . Fixation is excellent after 
Flemming’s fluid, but hot sublimate-acetic may serve well for Volvocales. 
The sedimentation method of handling, even to the use of a centrifuge, 
is preferably used for passing the organisms through the fluids. Dehy- 
dration by the concentration of glycerin is easiest and best. The sample 
should be agitated as little as possible to avoid clumping and the break- 
ing of the flagellae. They may be stained and mounted entire as strewn 
mounts, using the balsam or the Venetian turpentine infiltration meth- 
ods, or they may be sectioned after imbedding in paraffin. 

Desmids, if of the filamentous genera, are handled like Spirogyra, 
Unicellular forms, when in great abundance, are handled by sedimenta- 
tion. If rare they are picked out with a fine pipette, and placed in a small 
drop of water on a slip which is inverted over the mouth of an osmic 
acid bottle, where the vapor fixes and darkens the cell. This is flooded 
with 10 per cent glycerin that is allowed to concentrate, and later re- 
placed, if desired, with glycerin jelly for mounting. The sheath of 
desmids, both filamentous and unicellular, can be effectively stained by 
a method proposed by the writer.^2 ^‘Presh living material is placed in a 
/^Taylor, W. R. Trans. Am. Micros. Soc., 40: 94, 1921. 
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.05 per cent aqueous solution of methylene blue for forty-five to sixty sec- 
onds. It is then removed, rinsed in distilled water and placed in a yi o satu- 
rated aqueous solution of picric acid. This serves to fix the stain and brings 
out in a most striking manner the striations in the sheath. The material 
may be examined in the picric acid solution, or removed after a minute 
or two to water. Preparations are best used soon after staining, as the 
sheath begins to disintegrate after a few hours.” This is an especially 
favorable method for Placcodermae, such as Hyalotheca, whose sheath 
shows very well the radiations resulting fi^om its method of formation. 

Chlorophyceae of the larger' filamentous groups are handled after the 
general system for filamentous organisms, being especially careful to 
avoid shrinkage of the protoplast- Chamberlain^^ recommends keeping 
the chromic acid up to 1 per cent and increasing the acetic acid until 
shrinkage is overcome, as he finds that algae require more acetic acid 
than do higher plants. Flemming’s fluids are generally better than chroni- 
acetic, though differentiation of stains may be somewhat more difficult. 
Spirogyra gives especially splendid mounts when carefully handled. The 
fixed filaments are gently washed, stained in Heidenhain’s hematoxylin 
with care to avoid overbleaching in difterentiating, well washed and 
placed in 2.5 to 5 per cent glycerin. Here they are dehydrated by con- 
centration, the process occupying two to three days to a week. It should 
not be unduly rushed, and must be complete. Nucleolus, chromosomes 
and pyrenoids should be black, chromatophores steel gray, and general 
cytoplasm pearl gray. The contour of the chromatophore margin should 
show the characteristics of the species used. No counterstain should be 
necessary. After dehydration the balsam infiltration method (p. 202) 
should be followed. Conjugating material is somewhat more sensitive 
than sterile filaments, especially to the xylol-balsam change. Filaments 
with zygospores are most effectively stained with safranin-aniline blue, 
the spores being bright red (p. 189) . Massive Chlorophyceae (Codiaceae) 
offer no special problem, for pieces of tissue may be handled like pieces 
of soft tissue from higher plants. If calcareous they may be hard to fix, 
and must be decalcified (p. 160) . 

6. Charophyceae are generally so sturdy that they should be handled 
like delicate parts of flowering plants for imbedding and sectioning. 
Care should be used in orienting the material for cutting, since from 
inappropriate angles the sections do not show the geometrical regularity 
of division planes which characterize the organs of the group. Apical 
cells are frequently needed for demonstration. Tips of main axes from 
sturdy types should be selected and the branches and leaves trimmed 
close to the tip. Fixation in Flemming followed by imbedding, sectioning 
CJiamberlain, C. J, Methods in Plant Histology, Chicago, 1924, p. 176. 
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and staining in safranin and Delafield’s hematoxylin is best. In. addition 
to the apical cell these should show young stages of leaves, branches, 
and on fertile plants, of reproductive organs. For older stages of repro- 
ductive organs cut off branches of appropriate age and imbed indi- 
vidually. Sections of the branch are best cut longitudinally and axially 
through the reproductive organs. The branch may show a range of de- 
velopmental stages. Mature antheridia may be punctured and stained 
in toto, and then dissected apart when ready to mount. Mature obgonia 
are extremely hard to cut. For habit mounts the more slender species 
are to be preferred, and they may be handled like filamentous algae, 
mounting under sufficient pressure to flatten out the specimen. Safranin 
and aniline blue will generally give a brilliant stain. 

7. Xanthophyceae are not well enough known or widely enough 
studied to have developed special technique. In general they are handled 
like Chlorophyceae of similar form. The wall seems to be often more 
resistant to fixing and staining fluids. The peculiar wall structure, each 
cell having two overlapping portions, equal in size or like a lid on a 
cylinder, is emphasized by swelling with strong caustic potash and stain- 
ing with Congo red, or by separating the portions by treatment with 30 
per cent aqueous chromic acid, cold or with the aid of heat. 

8. Bacillariophyceae (Diatoms) because of their peculiar silicified 
cell wall offer special problems in treatment for systematic study. Often 
the living cell content is a positive disadvantage, and must be removed 
before the species can be studied. If the living cell contents are to be 
observed they are prepared like desmids or other unicellular Chlo- 
rophyceae. Care is needed in destaining, for penetration of fluids through 
the wall is irregular. Material (after hematoxylin) should be removed 
from the iron-alum a little before it seems completely ready, so that it 
will not become unduly destained before the iron-alum can be washed 
out. The material should be dehydrated through glycerin and infiltrated 
with balsam. If the diatoms are to be studied from the systematic stand- 
point it is generally the silicified wall alone that is needed. A great 
number of methods of cleaning material have been devised, some of 
limited and others of wide application. For recent or living material two 
general systems will suffice. 

The mass should be allowed to settle and the supernatant water 
poured off. An equal volume of concentrated hydrochloric acid is then 
poured on, mixed, and gently boiled. After a few minutes action will 
have been completed and the flask or test-tube is allowed to stand and 
the material to settle. A brief washing in 2 or 3 changes of water fol- 
lows, and then the water is poured off and an equal volume of nitric 
acid poured on and similarly boiled, followed in turn by washing and 
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boiling in sulphuric acid. This last will usually cause darkening of the 
material through carbonization of any remaining organic matter. To 
clear this up crystals of potassium chlorate should be cautiously added 
one at a time to the hot acid, protecting carefully one’s eyes and neigh- 
bors. The use of a chemical hood through all this process is helpful be- 
cause of the unpleasant fumes. Each crystal of potassium chlorate will 
probably cause a small explosion and the formation of chlorine gas, 
which with the oxygen will effect bleaching and solution of the remain- 
ing organic matter. If a large quantity of material is being handled it 
may be necessary to repeat each stage of the process before passing on to 
the next. 

In many cases it is sufficient to prepare a mixture of two parts of 
hydrochloric acid and one part of nitric acid, and to boil the sample of 
diatomaceous material in this for a few hours. The solution should be 
decanted and replaced with a fresh portion if there is an excessive 
amount of organic matter present, and loss by evaporation should like- 
wise be replaced. The final washings must be thorough. The diatoms 
are then separated from the sand by fractional sedimentation, the coarse 
sand going down first, then coarser grit and large diatoms, and finally 
small diatoms and fine clay particles. It is possible practically to free any 
desired sample from extraneous matter by judicious and repeated sedi- 
mentation. Or, the sample may be placed in a small jar with a large 
quantity of water and the jar revolved between the hands, when the 
material will rise in the center of the jar and the particles become dis- 
tributed according to their relative densities. After washing, material is 
best stored in small bottles with ample 50 per cent alcohol. In mounting 
it is necessary to use absolutely chemically clean cover glasses (pp. 21, 77) , 
if the job is to be neat and the distribution of the frustules uniform. 
It is best to let the material in the bottle settle and replace the alcohol 
with distilled water. Shake and put a drop of material on each cover, 
where it should spread out evenly. After the diatoms have settled in the 
bottle replace the water again with alcohol for storage. Allow the covers 
to dry thoroughly without disturbing them, and then heat to drive off 
any water in the frustules or their pores. These are spoken of as strewn 
mounts. Add a drop of thin xylol balsam and heat. Then invert on a 
drop of balsam on a slip and warm until firm. Bubbles of gas formed by 
heating the balsam solvent will disappear in time, as will small air 
bubbles. The use of special highly refractive mounting materials recom- 
mended for diatoms is rather a special topic and reference may be made 
to older works on microscopy if difficulties are encountered. Many species 
show their more delicate markings best if mounted dry. “Cells” should 
be prepared by making several superposed rings of cement (p. 199) 
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on a clean slip. Covers with dried frustules are prepared as above, and 
inverted while quite warm so that their edges lie on the cement rings. 
Press each cover slightly into the ring so that it adheres. Let it cool and 
give a coat of rather thick cement. If well pressed into the ring no diffi- 
culty should be met from cement running under the cover. 

Selected diatoms are generally isolated from a mass collection and 
mounted separately for reference. Strewn covers are prepared as usual 
and fastened, material up, on slips. A microscope equipped with a me- 
chanical finger is used. A ring above the objective (about 8 to i6 mm. 
focal length) bears a lever or rod which can be raised and lowered by a 
screw, and pushed toward or from the optical axis through a smooth- 
fitting sleeve. A fine glass filament is cemented with wax at the tip of 
the rod. The free tip of this is moistened, usually with a very faint trace 
of oil or grease to make it slightly sticky. It is then adjusted to the 
center of the field of view and raised up out of focus by the screw. The 
objective is focussed on the slide and the diatom desired is selected. 
Then the filament of glass is lowered into contact with the diatom, 
which should, with a little manipulation, adhere lightly to it. With the 
coarse adjustment the objective and specimen are raised together under 
observation, and the strewn mount removed from the stage. Another 
slip should be ready bearing a cover in the center of which is a thin 
smear of gelatin dissolved in glacial acetic acid. This is slipped into 
place and the diatom lowered into contact, still under observation. By 
gently breathing on the slide, moisture causes the diatom to stick to the 
gelatin. On drying, the cover may be mounted as usual without disturb- 
ing the specimen, and its position marked by spinning rings of colored 
ink or cement about it as a center. By manipulation of the mechanical 
finger diatoms may be placed in any desired position, to show face, 
girdle or end views, and collections may be selected and arranged on a 
single slip, to several hundred in number, to exemplify the flora of a 
given sample, to give test plates with forms suitable for testing a wide 
range of microscope objectives, or even only to demonstrate the mar- 
velous beauty of the diatoms themselves. 

Diatoms are not usually abundant in highly calcareous collections, 
but on tropical shores are often admixed with a predominating bulk 
of foraminifera, calcareous sand and shells. Consequently a quantity of 
the original material may be greatly concentrated by gradual addition of 
hydrochloric acid to the sample till effervescence ceases, followed by 
sedimentation or centrifuging and the usual treatment. Plankton types 
and many bottom forms, especially of the tropics, are often so delicate 
that the severe first schedule offered above will destroy the markings 
or even the entire frustules. For these the sulphuric acid may best be 



GENERAL BOTANICAL MICROTECHNIQUE 


m 


omitted, and the other treatments curtailed or performed with weaker 
acids. It may be possible to do no more than dry the sample on a slip 
without removal of the organic matter. Many coarse types are adequately 
prepared if a sample of the original material is spread on a cover, which 
is then placed material side up on a silver plate and this heated dull 
red or until the organic matter is burned away. This can generally be 
accomplished without softening the cover, which is mounted as usual. 

Fossil diatoms in diatomaceous earths or soft diatomaceous rocks are 
generally free from much organic or calcareous matter. The sample is 
broken to fine granules and boiled in hydrochloric acid until the frus tides 
may be separated by shaking. These are then separated by fractional 
sedimentation. Usually there is a great proportion of broken shells and 
these come away with the small species. Diatoms in marl are accom- 
panied by clay and may be difficult to separate from extraneous matter. 
Diatoms in harder rocks are best shown by grinding thin sections after 
the fashion of other fossil samples (p. 174) . 

9. Phaeophyceae in general offer few peculiarities requiring special 
instructions. In general they can be handled like green algae of similar 
texture and form. The walls of filamentous types (as some species of 
Ectocarpus) are often quite horny in texture when imbedded and do 
not cut cleanly. They are best studied as whole amounts if possible, and 
are well stained in the fresh state by methylene blue. Cladostephus and 
its relatives show splendid asters at the division stages of the apical cell, 
and longitudinal sections of selected apices give good material for their 
study (p. 206) . The soft, gelatinous walls of the fleshy browns swell and 
shrink greatly as they are wet or dry, and so material imbedded for 
sectioning in paraffin or celloidin generally becomes much distorted and 
sections readily work loose from the slides. The freezing method (p. 178) 
is advantageous with such types. In some species with dilute jelly 
between the cells or filaments prolonged preservation in formaldehyde 
(which probably becomes quite acid) dissolves the jelly so that the 
specimens imbed and cut perfectly in celloidin. Especially fine prepara- 
tions exhibiting the structure and reproduction of the Chordariaceae 
may thus be made from Castagnea that has been stored for a couple of 
years. Fucus as the commonest laboratory type must frequently be at- 
tacked for the preparation of routine teaching slides. Flemming’s fluid 
is the best fixing agent, and the material, in vigorous health, should be 
cut into the small pieces that are to be sectioned before fixation is at- 
tempted, in order that the gelatinous walls and the slime may interfere 
as little as possible with its action. For the growing tip the apices are 
cut from sterile branches as pieces 2 or 3 mm. square, fixed and sectioned 
in paraffin in the plane of the branch. The structure of the branch is 
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best shown in fresh transverse sections mounted in water. For the repro- 
ductive organs it is best to cut the receptacles lengthwise and then cut 
out small blocks with a few conceptacles, fix, imbed and cut in paraffin 
as transverse sections, selecting as best those that pass through the pore 
of the conceptacle. Heidenhain’s hematoxylin followed by orange G or 
erythrosin gives the best stain, but Delafield’s hematoxylin is good 
enough for material not Flemming-fixed. Eggs of Fucus may be fertilized 
and fixed at chosen intervals after scraping from the dish containing 
them, and to which they become more or less attached. By imbedding 
in paraffin sections may be secured showing the entrance of the sperm, 
fertilization and the first mitosis with the asters and other characteristic 
features. Sporelings of Fiicus are easily mounted and instructive, and 
sporelings of other Phaeophyceae (especially Laminariaceae) are sim- 
ilarly valuable, prepared by the general method (p. 235) . 

10. Rhodophyceae offer considerable difficulty from the standpoint 
of technical practice. Unicellular types (as Porphyridium) are handled 
as smear preparations on clean covers. Filamentous types are fixed in 
masses and handled like the filamentous greens. Flemming’s fluid is by 
far the best fixing agent. Some form of the weak formula should be used, 
and not allowed to act very long: a few minutes to an hour or so. The 
filaments disintegrate rather readily in dilute acids. It is best to wash 
while dehydrating slowly through the alcohols, using close stages for 
short periods and keeping the container in a dark place. Imbedding and 
sectioning, or staining and infiltration with balsam, follow the usual 
methods for filamentous Chlorophyceae. The large coenocytes of some 
genera (Griffithsia) call for great care in clearing. Safranin followed by 
aniline blue gives excellent contrast. Nuclei will generally be purple, 
chromatophores light blue and cell walls pink. Heidenhain’s hema- 
toxylin is dependable for accurate details. For morphological studies 
chrom-acetic or formol-acetic-alcohol is suitable, followed by preserva- 
tion in 70 per cent alcohol. Fixation and preservation in formaldehyde 
is not recommended for filamentous types, since these tend to disarticu- 
late as the formaldehyde becomes more acid. Fleshy species are best 
sectioned by the freezing method (p. 178), or imbedding in soap (p. 
179) . Calcareous species are very difficult from the cytological stand- 
point. Probably the best results are to be secured by fixing such genera 
as Melobesia and Corallina in a relatively large volume of Flemming’s 
fluid and removing the CO2 rapidly by the aid of a vacuum pump, 
adding additional chrom-acetic solution as the original becomes ex- 
hausted. Massive types such as Lithothamnion and Goniolithon are prob- 
ably impracticable cytologically. For histological and morphological 
studies of these genera chrom-acetic decalcification and fixation is ade- 
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quate, and imbedding in paraffin best for cutting. As there is little tissue 
differentiation Delafield’s hematoxylin alone is a good stain. In addition 
to these customary ways of preparing material it is often desirable to 
swell up developing procarps and cystocarps and to cause the cells to 
stand apart from each other. This is especially effective on Griffithsia 
(Lewis) . Living material is fixed with chrom-acetic or with aqueous 
iodine and placed in lo per cent glycerin. Here the walls of the procarps 
and cystocarps gelatinize and swell, so that the intercellular connections 
may be readily recognized. A trace of eosin in the glycerin will help by 
tinting the specimen. To trace the development of the cystocarp in 
those Cryptonemiales with long odblastema filaments is not so difficult 
if the species preserve a distinctly filamentous structure and are soft. In 
the firmer types it is often difficult. Agardhiella will serve as a good ex- 
ample for demonstrations, being widely available. Select sturdy tips and 
split them lengthwise with a sharp razor, being careful to go exactly 
through the apex for best results. Lay both halves split side down upon 
the cover glass, and then invert upon a slip and add water from the 
margin. The carpogenic branches and auxiliary cells with trichogynes 
and ooblastema filaments can be seen upon the big cells of the medulla 
wall, having slightly denser contents which can be tinted with eosin. 

II. Sporelings and epiphytes are effectively cultured on slides and 
stained and mounted in position. Smear mounts, bacterial zodglea 
spreads, and other fungal mounts involving parts of, or entire, colonies, 
are familiar in method (pp. 135, 165), but for unicellular or attached 
filamentous algae, early stages of bryophyte or algal sporelings, etc., it 
is convenient to fix, stain and mount on the original substratum. The 
slips used should be absolutely clean. If the organisms seem to have 
difficulty in making firm attachment to the slips these should be etched 
on one side with hydrofluoric acid, ground with a sand blast, or given 
a matte grain by rubbing together with emery powder. When handling 
positively phototropic organisms (such as zodspores from Stigeoclonium, 
Ulothrixj Chaetophora^ Ulva^ Ulothrix or Oedogonium) the slips should 
be placed in the container with the material, and between it and the 
light source. For spores of Rhodophyceae, or other non-motile spores, 
and eggs of the Fucaceae, the slips should be distributed over the bot- 
tom of the container. In any case as soon as the desired material has 
become attached, the slides should be removed to a clean container 
with fresh (preferably filtered) water, and handled by methods appro- 
priate to the particular organisms under observation. At convenient 
intervals slides may be removed, placed in staining wells of fixing fluid 
and handled throughout as in the smear method (p. 165) . Often highly 
interesting material (like Coleochaete) will form a green coating on the 
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walls of aquaria, and if slides are placed in contact with the walls a 
good growth will appear on them equally readily. Instructive mounts 
of small diatoms are a frequent by-product of this method. The fixing 
fluids and stains to be used are those ordinarily adaptable to whole 
mounts of filamentous algae (p. 227) . For sporelings of Fucales simple 
dilute Delafield’s hematoxylin seems best, 

XIV. Fungi 

The fungi are handled similarly to algae in many ways, for both are 
unicellular to filamentous types of organisms which attain rigidity and 
bulk in more complex groups by lateral association and specialization of 
the filaments. But the cell wall is of different material and texture, and 
chromatophores are absent. The fungi are, furthermore, often parasitic, 
and the nature of the host's tissues may determine the character of the 
technique even more than the parasite. Minute forms, if in great quan- 
tity, may be handled in bulk through fixing, staining and dehydrating. 
Yeast, for instance, may be managed in this way. Cultures of small 
forms, including bacteria (see Chap, ni) and germinating spores may 
be spread on slips, dried, fixed by passing a few times quickly through 
a flame, and then stained. Or they (cultures, or spores) may be spread 
on slips which have been wiped with a little Mayei'^s albumen and are 
allowed nearly to dry, and then inverted flatly upon the fixing fluid, 
which may conveniently be in a Petri dish with some fragments of 
glass rod to keep the slides from coming in contact with the bottom. 
After fixation they may be washed and treated as sections. A method 
advocated by Bachmann'^^ may give good service: 

Prepare some thoroughly clean sterile slips. Onto one pour the cul- 
ture medium (with gelatin or agar base) inoculated with a suspension 
of the organisms to be investigated. Place another slip upon the first 
and draw apart, so as to leave quite a thin film. The slides should then 
be incubated under sterile conditions in a damp chamber (as a Petri 
dish with wet filter paper on top and bottom). When the colonies are 
ready the slides may be fixed and handled precisely as if bearing smears 
or sections. For yeast she recommends potato broth agar, which, like all 
media for this method, must be cleared. Heidenhain’s hematoxylin fol- 
lowed by a counterstain (if desired) and mounting in balsam is usual. 
Or yeast may be cultured in fluid and killed in bulk in a saturated 
aqueous solution of corrosive sublimate, where it may be left twelve 
hours, following with thorough washing in water, 30 per cent and 70 
per cent alcohol and finally absolute methyl alcohol. A drop of a sus- 
Bachinann, F. M. Amer, J. Botany, 5: 32, 1918. 



GENERAL BOTANICAL MICROTECHNIQUE ^37 

pension of the cells should be placed on a coverglass and allowed nearly 
to dry. The cover is then flooded with water, and the yeast allowed to 
settle. Then the water is drained away and the cover dried. After thor- 
ough drying, which should cause the yeast to adhere, the cover may be 
wet and stained with the combined fuchsin-methyl green mixture and 
mounted in damar balsam, or Flemmings solution may be used, fol- 
lowed by Heidenhain’s hematoxylin, then glycerin dehydration (p. 
163) and infiltration in balsam (pp. 202, 557)- 

Many species of fungi, especially from culture on solid media, are in 
the form of a loose mass of mycelium. For direct examination it is usu- 
ally necessary to remove the air from between the filaments in mounting, 
and this may be accomplished by flooding the material on the slide 
with 70 per cent alcohol. The material may be mounted for examination 
in 3 per cent acetic acid, 3 per cent potassium hydroxide or weak chloral 
hydrate. The potash is especially good if the sample has been dried. 
Aqueous media of a low refractive index are best, not lactic-glycerin and 
the like. For general fixation absolute alcohol, saturated corrosive sub- 
limate with 1 per cent acetic acid in 95 per cent alcohol, or Gilson’s 
fluid are to be recommended. Duggar^^ recommends for fungi a modified 
Gilson’s fluid with the following composition: 

Alcohol, 95 per cent, 30 c.c., distilled water 270 c.c., glacial acetic 
acid 2 C.C., nitric acid 5 c.c., mercuric chloride 10 gm. The usual pro- 
cedure after a mercurial fluid should be followed (p. 11) . 

He also gives a special Flemming’s type fluid: 10 per cent chromic 
acid 1.5 C.C., 10 per cent acetic acid 1.0 c.c., 2 per cent osmic acid in 2 
per cent chromic acid 5 c.c., distilled water 37.5 c.c. He prefers to bleach 
the material in bulk in 95 per cent alcohol, 75 c.c., hydrogen peroxide 
25 c.c. before imbedding. 

Material of fungi is essentially exceedingly delicate, at least in the 
filamentous types, and offers considerable difficulty in handling through 
the alcohol changes and in imbedding. For transferring Duggar rec- 
ommends little dipper-shaped wire gauze ladles, transferring the ladle 
with its contents from stage to stage without disturbing it. Material to 
be examined on the slide without extended treatment may be stained 
most readily with 0.5 per cent aqueous eosin, or with alum-eosin (0.5 
per cent of each) . Filaments hard to stain take most readily to Ziehl’s 
carbol-fuchsin as prepared for bacteria. For material sectioned for his- 
tological or cytological studies the ordinary methods may be tried. Stages 
showing brightly colored spores (Xylaria ascospores, Puccinia telio- 
spores) may be satisfactorily differentiated merely by the use of such a 

^Chamberlain, C. J. Methods in Plant Histology, Chicago, 1924, p. 196. 

Duggar, B. M. Fungous Diseases of Plants. Boston, 1909. 
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couiiterstain as light green or Delafield’s hematoxylin. Xylaria and other 
similarly tough forms may sometimes be cut satisfactorily unimbedded 
like stems of vascular plants. Apothecia of Peziza and genera of similar 
texture, including some lichens, may be broken up into small pieces, 
stained in bulk in aqueous eosin, rinsed, transferred to 2 per cent acetic 
acid and there teased out to show the developmental stages. Or the small 
pieces may be stained in eosin, dehydrated and cleared with clove oil, 
and teased out before mounting in balsam. For sectioning, old apothecia 
may be selected, imbedded in paraffin and sectioned rather thick, when 
the spores take safranin stain well, and light green or Delafield's hema- 
toxylin may be used as counterstains. For the maturation divisions, in- 
cluding demonstrations of centrosomes and intranuclear mitosis, exceed- 
ingly small specimens must be used, and the sections cut thin and stained 
with Heidenhain's hematoxylin. 

The differentiation of fungus mycelium from host tissue in the case 
of pathological infestation generally offers difficulty. The usual histologi- 
cal combinations may be tried, and may give satisfactory results, but fre- 
quently fail. 

Vaughan^'^ recommends the following procedure: A stain combination 
known as Pianese Illb is prepared by mixing malachite green 0.50 gm., 
acid fuchsin 0.10 gm., martius yellow 0.01 gm., distilled water 150.0 c.c., 
95 per cent ethyl alcohol 50.0 c.c. The tissue sections are washed in water 
or alcohol and stained in the mixture fifteen to forty-five minutes. The 
excess stain is removed with water and decolorized to differentiation with 
95 per cent alcohol containing a few drops of hydrochloric acid. The 
material is then cleared with carbol-turpentine (carbol-xylol would do, 
probably) washed with xylol and mounted in balsam. He has also modi- 
fied the method for the staining of germinating spores on the epidermis 
of infected plants. The leaf is prepared, a drop of spore suspension placed 
on the desired region and the leaf kept under suitable cultural condi- 
tions. At the proper time the test area is cut out, fixed for twenty-four 
to thirty-six hours in equal parts of glacial acetic acid and 95 per cent 
alcohol, washed in 50 to 70 per cent alcohol, stained for fifteen to thirty 
minutes in Pianese Illb, washed in water for two minutes, very hastily 
run through acid alcohol, dehydrated and cleared as above. 

Cartwright^® recommends for mycelia in woody tissue that the sec- 
tions be briefly stained in 1 per cent aqueous safranin and then rinsed. 
The counterstain consists of a mixture of 25 parts of saturated aqueous 
anilin blue solution and 100 parts of saturated aqueous picric acid, 
which is applied to the slides and these then gently steamed over a flame. 

Vaughan, R. E. zfnn. Missouri Bot. Gard., 1: 241,1914. 

Cartwright, K. St, G. Annals Bot., 43: 412, 1929. 
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Washing, dehydration in absolute alcohol, clearing and mounting in 
balsam should give slides with red wood and blue hyphae. 

The mycorrhiza found in Corallorrhiza rhizomes and in the roots of 
epiphytic orchids frequently gives some difficulty in staining. The writer 
has had best success after fixing in chrom-acetic, and staining sliding 
microtome sections heavily with safranin, destaining, and counterstaining 
in succession with light green and orange G. The older mycelium and 
host nuclei should be deep scarlet, the younger pinkish or green, the 
host walls yellowish or if lignified, red. Cohen and Doak^^ for endo- 
trophic mycorrhizas recommend an elaborate technique designed to re- 
tain the protoplasmic contents of the hyphae in good cytological condi- 
tion. The fixing fluid consists of 5 per cent chromic sulphate in 4 per 
cent formaldehyde, which solution is saturated with either picric or 
salicylic acids. It is allowed to act for forty-eight hours and the specimens 
dehydrated by the butyl alcohol technique. The stain is applied, after 
hydration, to sections cut from paraffin at 12^ thickness, and consists 
of 3 per cent acetic acid saturated with orseillin BB, and is allowed to 
act for thirty minutes. After rinsing in water the slides are dehydrated 
by a short ethyl alcohol series and stained in 1 per cent crystal violet in 
clove oil, washed with xylol and mounted in balsam. 

Lichens give considerable difficulty in preparing sections of imbedded 
material, and may best be studied from sections of fresh or fluid pre- 
served material cut unimbedded, though paraffin imbedding may be tried 
and will at times succeed perfectly. Heidenhain’s hematoxylin followed 
by erythrosin, or cyanin followed by erythrosin make good stains. 

Myxomycetes in the plasmodial state may be fixed excellently with 
Flemming’s fluid, and if the plasmodium has been induced to climb onto 
a slip the flowing mass may be fixed as a whole mount. Imbedding in 
paraffin is all right if the material does not have to be kept with the 
substratum after fixing, but if it surrounds leaves of grass or decayed 
sticks it is better to use celloidin. The stages in the formation of the 
sporangia and the segmentation into spores and capillitium require very 
thin sections, and Heidenhain’s hematoxylin or crystal violet by the 
Newton or Smith methods are the only stains precise enough to use for 
nuclear features. In fact, throughout the fungi, these stains are the only 
ones generally applicable to the study of nuclear details because of the 
very small size of the structures involved. 

Spores of fungi and other plants may be caused to adhere to the 
slips upon which they are to be studied if these are smeared with 
a film of Mayer’s albumen before the spores are spread on the surface. 
The slide should be inverted upon a suitable fixing fluid, or dried and 
Cohen, L, and Doak, K. D. Stain Technology , 10: 25, 1935. 
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heated, or inverted upon alcohol, to coagulate the albumen. After this, 
the technique to be followed is similar to that adopted for bacteria (p. 
134) or smears of pollen grains (p. 165). Most often they are simply 
mixed with balsam or glycerin jelly and covered. 

XV* Bryophytes 

The Bryophyta present, in general, few special problems. Preserva- 
tion for general morphological purposes may be effected in Keefe’s 
fluid, or in fonnol-acetic-alcohol, or formalin with cupric acetate (p. 159) . 
Habit mounts of whole plants, and morphological studies of thallus form, 
leaf form and cell arrangement, spores and elaters, peristomes, etc., are 
most readily mounted unstained in glycerin jelly or in a viscous medium 
designed to minimize shrinkage (see p. 199) . As they often make thick 
mounts the use of melted resin-lanolin for sealing is recommended (p. 
199) . In no group of plants is the use of free-hand sections more essen- 
tial to the quick determination of species or interpretation of anatomical 
features (p. 176) . Peristomes, calyptras, etc., for whole mounts in balsam 
should be dissected out and dried between two slips under light pressure. 
It is well to moisten with xylol before adding balsam to drive out air, 
which it may be difficult in any case to remove from the capsule and 
annulus cells, though boiling in balsam may help. Cytological studies can 
be best made on material fixed with Flemming’s fluid, or the special 
fluids for mitochondria, etc. (p. 217) . The cell walls of mosses often be- 
come brittle if the material is imbedded in paraffin, and cut poorly, so 
celloidin is often preferable. Picric acid fixing formulas are helpful here, 
following with hematoxylin stains. Fleshy, unchambered Hepaticae may 
be difficult to infiltrate in celloidin and do best in paraffin, especially for 
apical cells (Ricciaceae and Marchantiaceae) , which are best shown 
in vertical median longitudinal sections. For the morphology of Ric- 
cialceous thalli celloidin is best if cut fairly thick. Sexual organs do 
very well in paraffin. Sporangia are less readily cut as they become older, 
and should be punctured or cut open so that the reagents may penetrate. 
If old and horny it may not be possible to cut sections even in celloidin, 
and it may be necessary to treat the material like hard woody tissue 
(p. 162). 

XVI. Pteridophytes 

For general preservation, cytological fixation, histology of the vegeta- 
tive organs, etc., the general methods are quite efficient, since the types 
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of tissue present approximate those of phanerogams, for the preparation 
of which the more general sections were designed. The leaves of some 
Lycopodiales will give trouble in cutting if paraffin-imbedded. This 
extends to the comparatively young strobili, which often give trouble, and 
particularly in old stages where the sporangia and spore walls become 
hardened. The strobili should be trimmed flat from opposite sides to 
facilitate penetration of reagents. Axial sections are usually to be pre- 
ferred. Equisetum stems present the difficulty of silica impregnation, and 
must be desilicified (p. 161) and imbedded in celloidin for really good 
sections. The growing apex will cut well in paraffin without special 
preparation. Filicales offer several points worth notice and caution. Root 
tip sections for apical cells are best cut absolutely median and longitu- 
dinal so that the segments may show to best advantage. For these, if 
cytological features are not desired, chrom-acetic fixation followed by 
Delafield’s hematoxylin is a most efficient, simple technique. Stem tips 
may be similarly treated, trimming away the tough ramental scales. 
Older roots and stems are handled by the general methods for firm or 
woody tissues. Leaves may be sectioned fresh, or for more accurate details 
imbedded. Old sporangia with thickened annulus will give some trouble 
in paraffin sections, but young stages cut perfectly well. For classroom 
preparations median sections through the stalk of the indusium give most 
diagrammatic results. For cytological purposes it is well to watch that 
penetration be assisted in all possible ways, since the sporangial coats, 
especially of the Eusporangiatae, are rather resistant to fixing fluids 
(p. 213) . Whole mounts of leaves, especially of the lobes of thin, large 
leaves with sporangia, are very satisfactory for showing the structure of 
the sorus. Clear the leaf by partial maceration in caustic potash, wash 
and stain in safranin. Destain cautiously and counterstain with methyl 
or light green; differentiate, dehydrate and clear carefully and mount 
in balsam. The counterstain should be rather dilute. Old indusia, an- 
nulus and mature spores will stain red, as often will epidermal glands 
and hairs, vascular bundles red to purple, other structures green. The 
flat prothallia and the protonema of ferns do well if fixed in Flem- 
ming’s fluid and stained in Heidenhain’s hematoxylin and orange G 
before mounting in balsam by infiltration, or they may be imbedded and 
sectioned for details of the sexual organs. The heterosporous Pterido- 
phytes offer special difficulties in the hard walls of mature spores and 
spores containing gametophytes. As long as it is possible to cut at all, 
paraffin will probably be found the most satisfactory imbedding medium. 
Sections (as often in Pteridophytes) may not stick well to the slips 
unless a gum or gelatin affixing medium (p. 183) be employed. 
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XVII. Gymnosperms 

The Gymnosperms like the Pteridophytes, are in most anatomical 
features readily adapted to the general methods of study, so that refer- 
ence should be made to the first portion of the botanical chapter. A few 
special topics come up to be dealt with separately. These mainly relate to 
the handling of the megasporangial structures, the female gametophyte 
and the embryo. 

In the Cycadales and Ginkgoales it is necessary, if sections are to show 
the general topography of the ovule (megasporangium, etc.) , that seg- 
ments be cut from opposite sides to allow more ready penetration of the 
fixing fluids. These should be cut as deeply as possible, so that the cut 
surfaces are close to the particular structures developing at the selected 
stage (megaspore mother-cell, endosperm, embryo) , but with a razor 
blade to avoid pressure on these structures, which in their early stages 
are readily deformed. For more accurate fixation the upper portion of 
the endosperm or of the nucellus containing the stages especially desired 
should be cut out and fixed separately. The ovule will cut well enough 
in the paraffin until the stony layer becomes hardened. For the free 
nuclear stages especial care is required to keep from causing shrinkage, 
and a high percentage of osmic acid will be helpful in giving a thorough 
preservation of the cytoplasm. The pollen tubes with the sperm mother- 
cells (or the sperm) in their tips are best secured in this way, or (Ginkgo) 
by cutting away the lower part of the ovule and then slipping off the 
upper part of the nucellus, which comes away as a cap. At the apex of 
this the pollen tubes are well exposed for easy penetration of the fixing 
fluid, which should be a Flemming type (p. 218) . They may be imbedded, 
sectioned and stained with Heidenhain’s hematoxylin, which shows the 
centrosomes and blepharoplasts well. Chamberlain^<^ gives useful data on 
the times of maturation of the various stages. With Pmm it is necessary 
to dismember the cones for all but the very earliest stages in the first 
spring of their development- The individual scales soon become hard at 
the tips, and can advantageously be trimmed (after imbedding) back to 
the ovules. In many Gymnosperms the resin masses in the tissue interfere 
with staining procedures. They are difficult to remove from imbedded 
material in either xylol or alcohol, but a mixture of xylol and absolute 
alcohol will clear them up readily. In old stages containing embryos the 
ovules may be isolated immediately and even trimmed on the side to 
facilitate fixation. Buchholz®^ has given directions for the isolation of the 

“ Chamberlain, C. J. Methods in Plant Histology. Chicago, 1924, p. 269. 

Buchholz, J. T. Boh Ga2., 66: 185,1918, 
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embryos of Pinus and other genera. Dissection from living material is 
best. The gametophytes are first isolated. Hold gently with light forceps 
by the broad end, and make a circumcissile cut about the narrow end 
with a needle shaped to an arrow-head tip and keenly sharpened. This 
end is gently removed, when by teasing into the end of the ovule the 
rosette ends of the suspensors are exposed and should be pushed out by 
the straightening suspensor shafts. By successive segmental cuts the distal 
portion of the suspensors, and eventually the embryos, are exposed, and 
finally the whole embryo complex removed. Dissection should be under 
a 0.3 gm. mol. sugar solution to prevent bursting of the embryo cells. 
Fixation in formol-alcohol is recommended, followed by staining in Dela- 
fielTs hematoxylin or safranin. This is a proceeding for careful hands, 
the embryos being transferred with wide-tipped pipettes. If staining is 
accomplished in a small drop of stain, later to be flooded with water 
(or alcohol) before pipetting off, the embryos can be much more readily 
located. They are then dehydrated through glycerin and infiltrated in 
balsam or Venetian turpentine (p. 202 ) . 

XVIII. Angiosperms 

I. Pollen investigations in connection with genetical studies are 
often desirable to determine the percentage of normal grains developed 
and the types of abnormal ones. Direct microscopical examination will 
indicate badly shriveled grains, megacytes, etc. Germination tests will 
give additional information respecting pollen activity (below) . Measure- 
ments of the length and growth rate of the pollen tubes in the styles 
(p. 244) will show the probability of the sperm being able to reach the 
embryo sacs. For more detailed information on grain sizes micrometer 
measurements may be made. For information on viability based on the 
stored food content the method presented by Blakeslee and Cartledge^^ 
may be tried: 

“Flowers to be examined were collected in the morning, generally before the 
anthers had opened. The pollen was taken out of the anther with a needle and 
distributed in a drop of 45 per cent acetic acid slightly colored with iodine. This 
medium stains the contents of the grains but leaves the walls practically un- 
colored. Grains were recorded as abortive which were empty and shriveled. There 
is usually no difficulty in distinguishing bad from good grains. Counts were made 
of the two kinds of grains in a series of different fields of the microscope under 
low power. The abortive grains tend to collect at the edges of the drop. Their 
distribution was made more uniform by stirring with the needle and the counts 
were made more representative of the actual condition in the flower by examin- 
ing, in succession, fields from one side of the preparation to the other.’' 

Blakeslee and Cartledge. Proc. Amer. Acad, ScL, vol. 12: 1926. 
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In measurements care should be taken to make the observations soon 
after putting the pollen in the acetic solution, for even with the most 
cautious adjustment of the strength of the acid, swelling even to bursting, 
or shrinking, will result after thirty to sixty minutes. After familiarity 
with the material has been secured, differences in chromosomal number 
may be detectable in differences in the size of the pollen grains (courtesy 
of Cartledge) . Chamberlain recommends for loose pollen of anemophi- 
ious plants that it be soaked for fifteen to twenty minutes before fixation 
in order that it may become turgid before fixing. Afterwards it may be 
fixed in bulk like minute organisms, washed by sedimentation, stained, 
dehydrated and infiltrated with balsam, or after dehydration imbedded 
and sectioned. 

2, Pollen tubes are generally studied by culture methods. 

Most pollens quickly lose their vitality, so germination should not be 
unnecessarily delayed. Some kinds grow well if simply spread on parch- 
ment paper or clean glass slips and maintained in a water-saturated 
damp chamber. Others require water, the drop being allowed to spread 
thin on a chemically clean slip so that oxygen may be more readily avail- 
able. For most species success attends culture in a solution of cane sugar, 
the optimum strength of which varies with the plant over a wide range: 
Papaver, i per cent; Compositae 30 to 40 per cent. The sugar may be 
mixed with 1 to 2 per cent agar and the mixture allowed to stiffen on 
slips or in Petri dishes. After inoculation the slides must be kept in a 
damp chamber and the Petri dishes closely covered. The agar may be 
cut up into blocks and these sectioned after imbedding. 

Pollen tubes in the pistil of a pollinated plant are best studied in posi- 
tion. The pistil may be cut off and fixed, and the tubes located in longi- 
tudinal paraffin or celloidin sections. The usual fixing fluids and im- 
bedding methods may be adapted, but because of the general presence of 
air and spongy tissue in the style it is advisable to split it before fixing 
and to remove the air with an air pump. The common cytological stain- 
ing methods may be employed for studies calling for such details, but for 
histological purposes a combination involving aniline blue is recom- 
mended, since this stains the callose of the tube wall especially readily 
from the dilute solution. A particularly valuable method has been per- 
fected by Buchholz and Blakeslee'^^^ particularly for Datura, but widely 
adaptable. Their method may be quoted as follows (courtesy of J. L. 
Cartledge) : 

“The styles were . . . scalded in hot but not boiling water (about two 
minutes), their cortexes slit lengthwise by passing them through a groove in which 
the sharp corner of a fragment of a razor blade protruded slightly. This treat- 

®®Blakeslee, A. F. vol. 55: 1922. 
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ment facilitated the removal of the cortical tissue by dissection, leaving only the 
central strand of conducting tissue with which the stigma is continuous at the 
end. These central cores were stained in Magenta (Acid Red), washed a little 
in water, and mounted whole on a slide, using concentrated lactic acid as a 
mounting medium and clearing agent. Balsam mounts were found not satis- 
factory but these lactic acid preparations have kept for more than six months. 
Pressure applied to the cover glass will spread this tissue out in a thin layer, 
I and the pollen tubes may be seen even under low power (better after twelve to 

twenty-four hours) as dark red streaks embedded among the elongated pink 
1 stained cells of the conducting tissue. Germinated pollen grains are transparent 

I and may be recognized only by their empty shells (the extine walls) while the 

ungerminated pollen will stain a deep red. This method makes possible reliable 
counts of the number of ungerminated pollen grains and the number of pollen 
tubes at any given time after pollination.'’ 

The use of lactic-glycerin (p. 198) instead of the simple lactic acid 
may be of some advantage as it is of slightly higher refractive index. The 
mounts may be sealed with the usual cements (p. 199). 

Nebel has described methods of using lacmoid and martins yellow^'^ 
for staining pollen tubes in flower styles which seem to offer promise of 
I usefulness in cytogenetic problems. A stock solution of 5 mg. lacmoid 

and 5 mg. martins yellow are made in 10 -15 c.c. of water, which solution 

' is brought to a deep olive green color by a few drops of i per cent am- 

I monia solution. After two to five minutes of staining the styles are 

mounted in the dye or in water of the same pH. For permanent mounts 
styles are crushed, dissected or otherwise made ready and fixed in Car- 
r noy’s solution (p. 217) . They are then passed through 70 per cent alcohol 

j to alkaline water, rinsed in tap water and stained in the above mixture 

, for one to five minutes. Dehydration should be rapid and the alcohol 

should contain lacmoid at pH 8, when the solution is blue. Clearing 
; should be done through xylol and mounting should be in balsam. 

Nebel, B. R. Stain Technology^ 6: 37, 1931. 
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A. GENERAL CONSIDERATIONS 

The development of cytological studies has reached such a stage that 
it has now become a matter of very great importance not only to have 
methods of the highest character, but also to make such a selection of 
material as will profitably repay study. Some consideration of the char- 
acter of the material may therefore be worth while. 

1. Selection of material should be discriminating. Sufficient studies 
have been made of the different plant and animal groups to indicate 
their cytological characteristics in a general way. Before undertaking an 
investigation, therefore, a review of the literature dealing with the dif- 
ferent groups should be made in order to discover the best kind of ma- 
terial available for any particular purpose. While it is desirable to in- 
vestigate any new types that present themselves, if a particular subject 
requires consideration it is wiser to select a form which has already 
demonstrated its worthiness. There are many elements that enter into 
such a decision, among which are the availability of the material at differ- 
ent seasons of the year, and convenience of handling in the laboratory. 
Sometimes, however, a form is exceedingly valuable, for instance, as 
genetical material and it then becomes necessary to discover, so far as 
possible, its cytological characteristics. Under such circumstances the 
best has to be made of poor material oftentimes, and the only recourse 
here then is to make the best possible use of our technical methods. 
When, however, a choice can be made, as has been indicated, the element 
of selection enters largely into the final results. 

2. Preliminary treatment of specimens has much to do with the 
end result. If the material has not been fixed directly after being brought 
in from the field, specimens should be carefully housed in approximately 
normal living conditions. If we are dealing with animals, they should 
be kept in cages which are appropriate to their size and habits. In many 
cases it is of great importance how they are handled. For instance, it has 
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been found in the case of the albino rat that if animals are gentled they 
exhibit very different reactions from those which have not been sub- 
jected to this preliminary training. While these differences are ap- 
parently largely physiological, they must have a structural basis. Physical 
conditions, such as food, light and temperature, also have marked influ- 
ence upon the morphological characteristics of animals. Sometimes these 
influences are of a very profound sort. In the case of certain grasshoppers 
which were raised in the laboratory, if the animals were fed exclusively 
upon clover the cytoplasm of the germ cells became loaded with dense 
materials which were absent when the animals were fed upon a diet to 
which they were normally accustomed. In the absence of proper cleansing 
and light conditions, fungi may attack the animals, and, for the grass- 
hoppers mentioned, it had much the same effect as followed feeding with 
clover. 

3. The condition of specimens at the time of fixation requires con- 
sideration. The age of the specimen, of course, is directly related to the 
state of development of its cells, and an appropriate selection should be 
made in order to get the stages required. Only a knowledge of the rate 
of development will make this exactly possible, but in most cases, if 
studies of the germ cells are involved, an understanding of the breeding 
habits of an animal will indicate roughly the time at which the material 
should be put up. Even within the same group, however, there are 
marked differences in cellular history so that, for each species, it is 
necessary to acquire some familiarity with the type. Amongst the grass- 
hoppers, for instance, there are certain ones, like the Truxalinae, where 
the adult animals show a quite satisfactory succession of developmental 
stages, whereas in the Acridinae the cells pass more rapidly through their 
development and show only later stages in the adult condition. In this 
latter case the cells give indications of senility and the conditions are not 
normal. Due care should therefore be exercised to see that the animals 
are in the proper stage to present cells of normal constitution. In the 
Hymenoptera, unlike many other insects, it often happens that all the 
cells of the gonad are in the same stage of development. Hance reports 
that by shaving off the hair of mice many dividing cells may later be 
found by sectioning the follicles. 

Another matter which has to be considered is the metabolic condition 
of the specimen. It sometimes makes a great deal of difference whether 
the animal has been fed or starved. In general, of course, it should be 
in the healthy state which follows normal feeding, but in some studies 
conditions are revealed after starvation that are important for an under- 
standing of normal cell functions. A feature of very great importance, 
which is often overlooked, is the length of the period between death of 
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the animal and the preservation of its cells. As a rule, the material 
should be brought as rapidly as possible into the fixative, and it is often 
advantageous to apply the reagent to the cells in situ. As was indicated 
in Part i the method of killing also has an important bearing upon the 
structural conditions of the cells. 

B. GENERAL METHODS 
I. Fixation 

A general consideration of this subject will be found in Part i and 
also in the chapters on Fixatives and Fixation, and Botanical Methods. 
In cytological work, however, the choice and use of the fixative is of such 
significance that some special consideration may he warranted. In the 
first place it is necessary to decide whether the exact presentation of 
nuclear structures or of the cytosomic constituents is more important. 
While it is not true that there is such a marked difference in the par- 
ticular reagents required as is commonly believed, yet there are certain 
practical considerations which operate in the choice. If one is inexperi- 
enced in the characteristics of the particular material which it is intended 
to study, the wisest procedure will be to select first one of the picro- 
formol-acetic combinations. The advantages of these, as is elsewhere indi- 
cated, are that they do not overfix and they are perhaps more generally 
adaptable than any other class of such fixatives. Their main disadvantages 
are that they do not preserve well all of the cytosomic elements, and be- 
sides certain nuclear aniline stains do not take so vigorously as after 
treatment with osmic acid mixtures. For these reasons it will generally be 
found advantageous to supplement the picro-formol-acetic fixations by 
others with chrom-osmic-acetic mixtures in which there are present varied 
proportions of acetic acid. These two classes of fixatives will be satisfac- 
tory in a very large proportion of the cases, even for final studies. After 
experience has been gained with a particular type of material it will be 
profitable many times for the investigator to experiment by varying the 
proportions of the ingredients which enter into the combinations. In 
extended studies of Orthopteran material and certain plants it has been 
found that these proportions have a marked influence upon the relative 
density of cell parts as well as upon their finer details. Also, as will ap- 
pear in the fuller discussion under Fixatives and Fixation, arid Botanical 
Methods, the presence of certain adjuvants like urea and sugars have 
pronounced effects when added to the fixatives. Since the value of all 
later steps depends upon the quality of the fixation, it becomes of first 
importance for the investigator to exhaust all of the possibilities of im- 
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provement at this stage before finally settling down to a study of the 
material. It cannot be too strongly emphasized that exact fixation is a 
primary requisite in all cytological work. 

I. Special Methods. Special techniques have been developed in ex- 
tensive studies of certain animal groups, some of which present unusual 
difficulties. Much of the work done upon mammalian cytology is value- 
less because the process of fixation has been improperly conducted. 
Within recent years two general methods of treating mammalian cells 
have been developed which produce excellent results. Already these 
have been given such thorough trial, under a great variety of conditions, 
that they may be said to have established themselves as the principal 
reliance in all studies where great exactness in the preservation of fine 
cytological details is required. These techniques involve not only a con- 
sideration of particular reagents, but also certain niceties in their use. 

Flemming's fluid and Allen's B-15 have proved the most satisfactory 
fixing fluids for mammalian tissues, especially for chromosomes. In the 
United States the use of the former at near the freezing point has been 
found helpful. This method is described by Hance (p. S50) . Allen's B-15 
has been used by many workers and found very satisfactory. 

a. Allen's Special Methods. Time of fixation in B-15 formula 
see p. 561) is usually one hour, if outer membranes have been removed 
and the fluid held at 38^0. This is based upon pieces of such tissue as rat 
testis and young rat brain not over 0.5 c.c. in volume. Longer fixation 
seems unnecessary and may be detrimental. After this time, some users 
have found that placing the tissue in Benin's fluid is helpful. While the 
penetration of B-15 is better than that of Flemming's fluid, it is best to 
apply it to small pieces of tissue. Snip rat testis with the scissors so that 
many surfaces are exposed. Brains of very young rats do not much exceed 
0.5 c.c. and they may be cut in half by sagittal division at time of fixation 
by using a thin safety razor blade or they may be otherwise divided in 
order to let the fixative attack an unprotected surface. 

If the tissue is held a few days in 70 per cent alcohol, with frequent 
changes, it is not only hardened but is freed from the remaining picric 
acid. The use of a few drops of a saturated solution of lithium carbonate 
at intervals hastens the removal of the picric acid. While some workers 
find the presence of picric acid not detrimental, my experience with mam- 
malian tissue is that if much is present, infiltration with paraffin may be 
difficult and that thick sections (20^) dp not adhere well to the glass. 
The higher grades of alcohol may be replaced by aniline with less shrink- 
age, as described on p. 256. 

Other fixatives. B-20. I have recently found that a little 2 per cent 
osmic acid added to the B-15 mixture improves its action on mammalian 
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chromosomes. As commonly made up, only half the chromic acid called 
for by the formula (p. 561) is used, and to each 50 c.c. is added 1 c.c. of 
Flemming’s solution b. (1 gm. osmic acid in 50 c.c. of 1 per cent chromic 
acid. This is the equivalent of 2 per cent osmic acid.) For convenience 
it is named B-20. The after treatment is the same as for B-15. This fluid 
has been found very satisfactory also for eggs and spermatogenic tissue of 
the Cladoceran Moina macrocopa. Mix at time of using. 

Double fixation, or the use of two fixing fluids, has been found useful 
in some cases. If much fat is present, Carnoy’s fluid is first applied for 
from ten seconds to several minutes. This is followed by any other fixa- 
tive. In Moina macrocopa eggs I have found that this treatment followed 
by B-15 eliminates the oil globules and fixes the remaining yolk substance 
and chromosomes very well. 

General Remarks. Duration of Fixation. This varies greatly with 
different fixatives and tissues. Specimens remain indefinitely without in- 
jury in Bouin’s fluid, but harden too much for good sectioning if left in 
B-15 over two hours. Most people fix twenty-four hours in Flemming’s 
fluid, but Professor H. de Winiwarter (Liege, Belgium) fixes from forty- 
eight to seventy-two hours. His formula is somewhat different from that 
in general use in this country. It follows: 


(a) Osmic acid 4.0 gm. 

Chromic acid . 7.5 gm. 

Distilled water 95t>-0 c.c. 


(b) At the time of using add 3 or 4 drops of glacial acetic acid to 20 c.c. of 
(a), or, as seems better, 6 or 8 drops of trichloracetic acid. He washes for twelve to 
twenty-four hours, and dehydrates carefully by graded steps, and clears in cedar 
wood oil (H. von Winiwarter, 1912). I have seen his preparations of human testis 
by this method and the chromosomes are beautifully distinct in all stages (Ezra 
Allen). 

For a method of injection and methods of subsequent treatment see 
page 566. 

b. Hance's Method for Mammalian and Avian Material. Flemming’s 
strong solution to which has been added about one-half of one per cent 
urea, when chilled to the temperature of ice, gives an excellent preser- 
vation of the chromosomes in avian and mammalian cells. This mixture 
does not penetrate well, which necessitates the use of pieces of tissue 
preferably not larger than a small pea. In the case of chicken tumors, 
which are extremely dense, slices as thin as can be cut free-hand with a 
razor are dropped into the fixative. Chicken testes, which are also difficult 
to penetrate, should be thoroughly teased after being placed in the fluid. 
Avian and mammalian embryos have all their structures well preserved 
by this method without the necessity of teasing to aid penetration. Ap- 
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propriate pieces of tissue are placed in the fixative. (For formula see 
P* 559-) 

Mix as needed, so that for every piece of tissue the size of a small pea from 
10 to 15 C.C. of fluid is available. Place the bottles containing the fluid in 
cracked ice. 

Fix four to twelve hours. 

Wash in running water for twelve hours. 

Dehydrate by the “drop method/’ displacing the water drop by drop with 
alcohol. While 70 per cent alcohol may be used for this purpose and the tissue 
stored in it I consider it more convenient to use 95 per cent alcohol and imbed 
the material at once. When the tissue has reached 95 per cent alcohol, change 
to fresh 95 per cent at least once, twice being better. Tissue remains in the last 
change of alcohol for from one to two hours. 

Clearing. Cedar oil or oil of bergamot is used for clearing. It is 
preferable to add it to the alcohol drop by drop although satisfactory 
results are usually obtained by adding relatively large fractions to the 
alcohol which covers the tissue. Change the tissues to fresh oil two or 
three times. They may stay indefinitely in cedar oil although over night 
is usually a convenient interval for either oil. Before infiltrating with 
pai'affin the oils may be either washed out with chloroform or the tissue 
placed in the paraffin directly. When chloroform is used it is allowed to 
act from thirty to sixty minutes. 

Imbedding Medium. Paraffin. The chloroform-covered tissues are 
warmed and melted paraffin is added several times during a two to four 
hour period. The tissues are transferred to pure paraffin and allowed to 
remain for from two to four hours. They may be handled in the same 
way when chloroform has been omitted, although the time allowed for 
infiltration must be longer as it takes more time to displace the heavier 
oils. 

Section Thickness. Avian tissue gives best results when cut at 5^ and 
mammalian when cut at lOp,. 

Staining. The slides are bleached of the osmic acid stain in 70 per 
cent alcohol plus peroxide in proportion of about 4 parts of alcohol to 1 
part commercial hydrogen peroxide. The slides remain in this solution 
twelve hours or longer. Iron alum hematoxylin has given the sharpest 
results for cytological studies (R. T. Hance) . 

c. Carothers' Method for Orthopteran Cells. 


Picric acid, saturated aqueous solution . 75 c.c. 

Formalin, C. P, 15 c.c. 

Glacial acetic acid 10 c.c 

Urea crystals 1 gm. 


Warm slightly and stir thoroughly as the urea is added. 
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This solution is used if the material is to be kept in the fixative. It is 
satisfactory for work involving metaphase conditions. 

For preservation of the finest cytological details add 4 drops of a 50 
per cent aqueous solution of chromic acid to 5 c.c. of , the above solution 
just before using. The tissue must then be removed from the fixative after 
ten to twenty*four hours, washed thoroughly in tap water (one or two 
hours) and run up to 70 per cent alcohol where it may be stored after 
most of the picric acid has been removed. 

In case one wishes to use Flemming s triple stain, osmic acid must 
be added. Five drops of a 2 per cent solution to 5 c.c. of fixative is 
sufficient. 

2. Methods of Application. It is sometimes a matter of great im- 
portance how the fixative is applied to the tissues. As is elsewhere indi- 
cated, there are two general methods, that of immersing the material 
directly in the fixative and that of injecting the fixative into the organ 
or whole animal to be studied. Sometimes in the case of smaller animals 
the whole organism is immersed in the reagent. It is not unimportant 
how the fixative is applied by immersion. For instance, in studies on 
Culex, some investigators reported the diploid number of chromosomes 
as 3 and others as 6. Upon careful investigation of the cause of these 
differences it was found that if the fat and trachea were not removed 
from the testis, the fixation was imperfect and the chromosome pairs 
ran together, reducing the number from 6 to 3. Although the organ here 
is very small, and one would naturally think that fixation might be easily 
accomplished, the neglect to remove the fat and trachea was responsible 
for such an important difference as this. It should be the rule, therefore, 
so to manage the process that the fixative is brought into as direct and 
immediate contact with the tissue as is possible. A further discussion of 
this topic will be found in the chapter on Fixatives and Fixation. 

In the case of large organs it is important to effect this intimate con- 
tact between the reagent and the tissue by injection through the circula- 
tory apparatus. The difference in the effect produced by fixation of 
mammalian testes through immersion and by injection is very marked. 
Ordinarily, in the former ease, the histological details are very poorly pre- 
served, there being extensive shrinkage of the germinal elements from 
the connective tissue about them. In a preparation well preserved by 
injection, on the contrary, the shrinkage is entirely absent and the cells 
are everywhere in intimate contact. In studies upon large organs, there- 
fore, it should always be the endeavor to try out the process of fixation by 
injection. It is described in detail by Allen in the chapter on Fixatives 
and Fixation. 
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3. Physical Conditions during Fixation. The concentration of 
the fixative, the proportion of its parts, the presence of adjuvants and 
the degree of temperature, are all elements that require extreme care in 
cytological technique. These are discussed at length in Part i and in the 
chapters on Fixatives and Fixation, and Botanical Methods. It is perhaps 
sufficient to call attention to these points here and to emphasize their 
great importance. 

4. Period of Fixation. This is determined by the size of the speci- 
men and by its character. In general it is desirable not to prolong the 
action beyond the time necessary to secure accurate fixation. This varies 
also with regard to the character of the reagent. It is quite impossible 
to give any general rule which can safely be applied to all types of mate- 
rial and to the I'eaction of all fixatives, but in general it may be said 
that a piece of ordinary tissue not exceeding 5 mm. in diameter may be 
fixed within two to twelve hours with safety in most fixatives. In special 
cases, on the contrary, it is often desirable to prolong the period of fixa- 
tion to great lengths in order to secure specific effects. This is particularly 
true in the case of mitochondrial studies and in certain neurological 
practices. It is perhaps a safe general plan to start with a minimum 
period and extend this only as experience indicates that it is desirable. 

II. Washing 

A description of this process will be found in Part i and also in the 
chapter on Fixatives and Fixation. It will suffice here to indicate that in 
cellular studies extreme care is necessary, since, after chrom-osmic-acetic 
fixations, for instance, either a mitochondrial stain or a chromatic stain 
may be secured with hematoxylin, depending upon the extent of washing. 
Puzzling artifacts may result from insufficient washing, especially after 
the use of mercuric chloride. In general, the quality of staining is much 
influenced by the degree of washing of the fixative. 

III. Dehydrating 

Even the best fixation may be spoiled by after treatment and this i^ 
particularly true during dehydration. The absolute rule here is that the 
transfer of the material from aqueous solutions to alcoholic must be made 
in the most gradual manner. To accomplish this the tissues may fee run 
up through a finely graded series of alcohols allowing sufficient time in 
each for a complete replacement of the lower percentage of alcohol, or, 
preferably, the alcohol may be added drop by drop to the water in which 
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the speciiiieii is placed until the concentration of alcohol is high. A de- 
scription of this method is given by Allen as follows: 

The following method has proved very satisfactory for maintaining 



the normal relationships between tissues of considerable difference in 
texture, as the interstitial cells and the tubules in rat testis, and mesen- 
chyme and ectoderm in mammalian embryos. (Allen, 1919.) 

The new fluid is added one drop at a time, while the fluid containing 
the tissue is agitated by either mechanical stirring or by a current of air 
bubbling through it. The agitation insures that the surface of the tissue 
is constantly bathed in a fresh fluid. Bubbling air may be introduced 
from any source of compressed air. The accompanying cut (Fig. 2) shows 
an adaptation of the pressure bottle for this purpose (p.b.) . One may 
substitute an atomizer bulb connected to the pressure bottle for the water 
bottle (w.B.) as shown in Figure i. Sufficient pressure to last for some 
time may thus be obtained. A slight current in the fluid is sufficient to 
distribute rapidly the new drop of ’fluid as it enters the container (c) , An 
automatic siphon (s) carries away the excess into a waste jar (Waste), 
The sulphuric acid drying bottle may be connected in the air tube when 
adding the clearing agent. 

The following brief outline of procedure is based upon the treatment 
of a piece of tissue about 0.5 c.c. ip volume which has been fixed in B-15. 
Agitation is understood to be maintained throughout the process, even if 
no fluid is being added. The new fluid is added at the rate of one drop 
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per second unless otherwise stated. The left hand column indicates the 
fluid in which the tissue is at that stage. Remove the tissue from the 
fixing fluid, rinse in 5 per cent alcohol, and place in 5 per cent alcohol. 



1. 5 per cent alcohol. Drop in 10 per cent alcohol plus a few drops of satu- 
rated solution of lithium carbonate, until tissue is in practically 10 per cent 
alcohol. 

2. 10 per cent alcohol plus lithium carbonate. Let remain two hours with 
agitation. 

3. Fresh 10 per cent alcohol. Drop in 50 per cent alcohol plus about 1 per 
cent lithium carbonate until tissue is in approximately 30 per cent alcohol. 

4. 30 per cent alcohol. Drop in 50 per cent alcohol plus an equal part of 
aniline, one drop about every five seconds, until the tissue is in approximately 
the new mixture. 

5. 50 per cent alcohol and aniline, equal parts. Drop in equal parts of 70 
per cent alcohol and aniline, one drop in five seconds. 

6. 70 per cent alcohol and aniline, equal parts. Drop in pure aniline still 
more slowly— one drop in ten seconds. Continue until tissue is clear throughout, 
when dehydration is complete, and clearing may be begun by the same method. 

If a whitish precipitate appears at any step after aniline is begun, it indicates 
that not all of the fixative has been removed, as aniline and the fixative are 
incompatible. In such cases the tissue must be returned to the former fluid for a 
longer time. If alcohol instead of aniline is employed, as it may be for some rela- 
tively hard tissues, removal of all the fixative is not necessary. (See remark on 
this subject on page 249.) Do not use aniline after Flemming’s fluid. The tissue 
turns very dark and seems impossible to bleach. 
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Dehydration may be carried on by the more laborious method of adding the 
new fluids by 5 per cent or in some cases 10 per cent steps without agitation, 

but it is time-consuming. 

If large numbers of pieces of tissue are to be done at once, the apparatus 
described on p. 571 may be used. 

IV. Clearing 

The process is an intermediate step between dehydration and infiltra- 
tion in the paraffin method, and grades by varying degrees, according to 
the reagents used, into these other steps. 

Dehydration is commonly completed in alcohol, but in the case of 
delicate tissues for cytological work it is best to avoid the higher grades 
of alcohol and to utilize some such agent as aniline oil or dioxan in order 
to escape their stronger action. The processes, therefore, cannot be re- 
garded alone, but must be considered in relation to dehydration and in- 
filtration. If dehydration has been completed in 95 per cent alcohol or 
absolute, there are available quite a number of clearing agents which 
may be utilized to displace the alcohol. For many cytological purposes 
the benzine ring series, benzol, toluol, and xylol are particularly appro- 
priate preceding the paraffin bath. For mammalian testes Allen has found 
that methyl-salicylate gives unusually good results, while for brain tissues 
he prefers bergamot oil. 

Following fixation in B-15 his experience has been that aniline is 
most desirable and refers to the method as follows: 

'Tor most purposes alcohol is an adequate dehydrating agent. However, for 
mammalian chromosomes fixed in B-15 ^he use of aniline has proved very help- 
ful (Allen, 1916; Painter, 1924), as it produces less shrinkage. The purest aniline 
obtainable is usually somewhat reddish, but by distillation it becomes nearly 
colorless, and does not stain the tissues. Aniline is perfectly miscible in 50 per 
cent alcohol equal parts. This mixture passes readily into 30 per cent alcohol. 
Hence pure alcohol higher than 30 per cent may be avoided.’' (For details of 
method see p. 253.) 

If aniline is used to complete dehydration and for clearing it is best 
to remove this with some agent like chloroform of higher volatility and 
greater miscibility with the paraffin. 

For very delicate cytological work the same precautions that apply 
to dehydration also hold for clearing. It is necessary to avoid sudden 
changes in concentration of fluids and to minimize distorting effects of 
diffusion currents set up between different substances. Accordingly there 
must be provided a gradual passage through a series of mixtures of 
different relative concentrations, or the addition of the clearing fluid 
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drop by drop to the dehydrating agent in which the specimen is placed, 
Allen’s description of the drop method of dehydration therefore can be 
applied to clearing. 

Whatever the agent employed or the method of its application, care 
should be exercised not to expose the tissue longer than necessary to the 
action of the clearing medium. Practically all such substances have a 
shrinking and hardening effect which should be minimized by the briefest 
possible action. If the essential oils or aniline are used the completion of 
the process can be determined by the translucent appearance of the mass 
of tissue (see Part i) . Careful experimentation will reveal for any par- 
ticular tissue the clearing medium which will produce the least shrinkage 
and in this manner it can almost be eliminated. Thus cinnamic aldehyde 
will clear delicate chick embryos with practically no reduction in size 
whereas xylol will reduce them to three-fourths their original bulk. When, 
delicate cellular detail is involved no pains should be spared to preserve 
this against distortion by all reagents employed. 

V. Infiltrating 

It is a general practice amongst botanical cytologists to make a very 
gradual substitution of the clearing agent by paraffin. (See the chapter 
on Botanical Methods.) Such a procedure is less common amongst ani- 
mal cytologists, but in many cases it is doubtless true that a better result 
would be obtained than by the method of transferring the material 
directly from the clearing ffuid into the melted paraffin. In case of many 
animal tissues, however, it is quite satisfactory to make such a sudden 
transfer and thereby the hardening action of the clearing agent is some- 
what minimized. When new material is being investigated it would be a 
good practice to try out the two methods and follow the one which gives 
the better results. The danger involved in the use of paraffin results from 
its hardening action when melted. Some workers, therefore, prefer to in- 
fdtrate first with a paraffin of low melting point, following this by final 
immersion in the higher grade desired for sectioning. The endeavor 
should always be to reduce the exposure of the tissue to the melted par- 
affin to the lowest limits and also to use the softest paraffin that will 
produce good sections. The latter alternative, however, has very limited 
range. Since higher temperatures produce the most disturbance in the 
tissue, the temperature should be kept as near that of the melting point 
of the paraffin as possible. There are numerous mechanical devices for 
securing this condition, but the simple overhead application of heat 
described in Part i gives a most valuable and flexible means’ for securing 
this result. 
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What has just been said with regard to the harmful effects of melted 
paraffin at high temperatures is undoubtedly true in most cases, but Foot 
and StrobelH report that the eggs of Allolobophora are not injured by 
the use of paraffin melting at 74°c. Quite in contrast to usual practice 
also, in order to get very thin sections, they cut at a temperature of 20 °f. 
Like all other rules on technical matters the ones relating to handling 
paraffin must be general, and entirely subject to modification according 
to experience. 

In his work on mammalian cells Allen finds that the process of infil- 
tration by degrees is as important as any other step. It should be at as 
low a melting point as possible for sectioning. A combination of ordi- 
nary parowax with about 4 per cent bayberry wax is recommended as an 
excellent medium. Pure parowax is used by many workers instead of that 
prepared for a certain melting point. Rubber paraffin (p. 621) with a 
low melting point is probably the best, as it is very flexible at any tem- 
perature or thickness of ribbon. Small blocks may be cooled on ice and 
sectioned at 5/^ on a warm summer day, when ordinary parafiin would be 
too soft. If possible, keep below a temperature of 52°c. 

The paraffin may be first added to the clearing agent in small pieces, 
and these allowed to dissolve at room temperature. Chloroform has the 
advantage of absorbing a large amount of paraffin at this temperature. 
Some workers saturate it before applying heat. Keep tissues in the melted 
paraffin only long enough to insure complete infiltration. Shrinkage is 
likely to be great in any case. 

If collodion is used instead of paraffin, less shrinkage results than with 
paraffin at its best. Follow either 100 per cent alcohol or aniline with a 
mixture of equal parts of 100 per cent alcohol and ether, and this fluid 
with 2 per cent collodion. Use plenty of this and let it slowly evaporate 
to a stiffness suitable for sectioning. The evaporation should take from 
ten days to two or more weeks. 

VL Sectioning 

Sections which are quite satisfactory for ordinary histological work 
may be entirely unsuited to use for finer cytological studies. Unless the 
conditions are of the very best with regard to the character of the mate- 
rial, the relation between the material and the imbedding medium and 
the perfection of the knife edge, the sections will be faulty. Especially 
in chromosome studies, on material where the formed elements may 
readily be dislodged by an imperfect knife edge, it is necessary to use 
every precaution to avoid injury to the cells. These conditions become 
^Foot, K,, and Strobell, E. C. Biol Bull, 9: 5, 1905. 
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especially difficult of fulfillment when extremely thin sections are desired. 
Aside from having the microtome in perfect mechanical condition, and 
the knife edge as keen and smooth as possible, the best aid in getting 
exact sections is to have the melting point of the paraffin accurately 
adapted to the temperature of the room when the sections are cut. 
Finally, the inclination of the knife to the plane of sectioning should be 
very carefully adjusted to reduce the amount of compression to the mini- 
mum. In case very thin sections are desired the water method of Huber is 
extremely useful. It has been used by Heuser and is described by him 
elsewhere (pp. 19^, 478) . 

The thickness of sections is dictated largely by the size of the cells 
present and by the character of the study to be made. Precision of staining 
is reduced if sections are thicker than the diameter of nuclei since dif- 
ferentiation is hindered by their uncut membranes. Some sections should 
therefore be cut thin so as to expose nuclei to the direct action of stains. 
If very exact studies of delicate details are contemplated, very thin sec- 
tions (i/jt to 5/x) should be made. On the other hand, if general relations 
are to be studied in the cell, or if counts of entire chromosome complexes 
are to be made, thick sections are preferable. It is a safe rule, especially in 
the use of unfamiliar material, to cut thin, medium and thick sections 
from each specimen. An inspection of readily prepared smears will indi- 
cate approximately the required thickness of sections. 

VII. Spreading 

Much of the earlier cytological work was accomplished on sections 
which were affixed to the glass slip by pressing them down upon a thin 
film of Mayer's albumen. Since considerable compression occurs at the 
time of sectioning, especially with thin sections, much distortion of cell 
elements was produced. In all exact studies where the relations of cell 
parts are important, it is necessary to extend the sections to the original 
dimension of the block from which they were cut. To do this the common 
practice is to apply heat to the sections while they are floated upon either 
distilled water or a very dilute solution of albumen. By this means all 
irregularities are removed and the original proportions of the cell parts 
are restored. If the objects studied are eggs the sections should show them 
with circular outlines rather than oval ones. Such a test can only occa- 
sionally be applied, of course, but some means for determining the com- 
plete extension of a section is desirable. This is fairly approximated 
when the individual sections show the same dimensions as the surface of 
the block from which they were cut. This precaution is especially neces- 
sary if comparative measurements of cell elements are contemplated, for 
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not only is a differential compression avoided, but also the errors that are 
introduced by foreshortening of structures lying in folds of sections. 
Spreading is an operation of seeming unimportance, but upon the care 
with which it is carried out depends much of the value of the prepara- 
tion. Here, as in all other steps of preparation, only the best attainable 
results should be tolerated. A good slide may serve many unforeseen 
purposes, whereas one which may be technically sufficient for an imme- 
diate use may be so imperfect as to be otherwise valueless. 

VIII. Staining < 

There are certain stains which are of particular importance in cyto- 
logical work and constitute a standard resource in such studies. In the 
first rank of these stand the iron hematoxylin method of Heidenhain and 
the tricolor method of Flemming. So far as nuclear elements are con- 
cerned these two combinations suffice for almost all types of cytological 
work. Since a description of stains and staining will be taken up in a 
separate chapter, no further reference to the operation of this part of the 
process will be given here. (See Stains and Staining.) In most material 
it will be found that nuclear structures particularly, in various stages 
of development, stain with different intensities so that in one slide it is 
difficult to find optimum conditions for all. Because of this and for other 
reasons it is of advantage to have slides some of which are lightly stained, 
while others are darker. ^ /ortfon* the differences apparent in hema- 
toxylin and tricolor stains of the same material make the practice of 
using both desirable as a matter of routine. Experience has shown that 
the Feulgen reaction is so important that its use should be a routine pro- 
cedure. The transparency of aniline preparations and the contrasts in 
color they show in the same elements at different stages make them very 
valuable. With the improvements in the optical performance of modern 
microscopes the use of artificial light has become almost universal with 
the high powers used in cytological work. Colors which contrast well 
with daylight illumination often fail entirely with artificial light, so that 
it becomes necessary to test out the dyes which enter into combinations 
under the optical conditions used. For instance, the safranin formerly 
recommended in the tricolor stain is much too purple to contrast well 
with the gentian violet, and some more yellow variety is therefore re- 
quired. By the choice of appropriate light filters somewhat the same effect 
may be secured if necessary. 

Special stains are required for cytosomic constituents and these are 
described in the section of this chapter devoted to such structures. 
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IX. Collodion Sections 

In cytological work the paraffin method is used almost exclusively. 
This practice is largely justified by its convenience and general accuracy, 
but there are certain advantages in the use of collodion which would 
practically require that at least some of the material used in each investi- 
gation should be prepared according to this method. While it is difficult 
to cut thin sections in collodion, by proper manipulation this may be 
readily accomplished, and, by using the appropriate means, serial sections 
can be readily mounted. Some of the advantages in the use of the collo- 
dion method appear prominently when studies of prophase figures in the 
germ cells are involved. There is less danger of shrinkage than with par- 
affin and minute separations of parts often appear with greater precision 
and permanence than they do in paraffin sections. It is true, also, that 
after some fixatives which give very poor results when sectioned by the 
paraffin method, collodion sections may present accurate and brilliant 
pictures of normal conditions. For instance the chromosomes of Orthop- 
teran spermatocytes after fixation in Helly’s fluid showed extensive 
shrinkage and it was quite impossible to study them, whereas in collo- 
dion sections they were of very excellent quality. 

While the paraffin method may be applied almost universally there 
are certain resistant objects which have so far defied sectioning in par- 
affin. Among these are Orthopteran eggs. For such objects the collodion 
method offers a welcome alternative, and, as thus applied, is described as 
follows by Josephine W. McNabb: 

The preparation of the freshly laid grasshopper egg is difficult, 
due to the large amount of yolk and thick chitinous chorion present. 
Carnoy-Lebrun penetrates the chorion and yolk, giving a thorough and 
good chromosome fixation. The separated eggs are treated about ten min- 
utes, allowing one cubic centimeter of fixing fluid per egg. After about 
five minutes the chorion is punctured with a fine steel needle. (The 
puncture should be made in a lateral position, thus avoiding the critical 
region about the caudal end. The yolk should be sufficiently hardened 
so that it does not exude from the puncture.) From the fixing fluid they 
are transferred immediately to weakly iodized 70 per cent alcohol for 
about twenty-four hours, or until the solution is no longer decolorized. 
The eggs are then removed to 70 per cent alcohol where they may be 
left indefinitely. 

The collodion method is the only thorous'hly successful one of section- 
ing. Paraffin is not satisfactory on account of the difficulty in cutting the 
brittle yolk, and because heat causes clumping of the chromosomes and 
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shrinkage of the large cells. The ordinary means of dehydrating and of 
infiltrating with collodion may be followed. It is necessary to use thick 
collodion and allow the infiltration to continue for two to four weeks. 
The chorion should be punctured in a lateral region under the collodion. 

Longitudinal or oblique sections are more conveniently prepared 
than cross sections. In making serial sections the eggs are cut at 1 2 micra, 
preferably with a Minot precision microtome. As the sections are cut 
each one is pulled to the back of the knife with a sable brush. Here they 
are arranged serially in parallel rows. It is necessary to keep the sections 
and the blocked egg constantly wet with 60 per cent alcohol. When the 
entire egg is cut the sections are transferred in order to a chemically 
clean slip. This is accomplished by first pulling them onto a safety razor 
blade with a dissecting needle, and then onto the slip. The length of the 
rows should be made to correspond to the length of the coverslip used, 
and the same number of sections should be in each row. 

After each slip is filled (an egg requires approximately two slips) 
the moist sections are blotted with filter paper to press out all excess 
alcohol. A thin solution of collodion is quickly flooded over the sections 
with a pipette, and this coating is immediately rinsed with a mixture of 
equal parts absolute alcohol and ether to remove as much of the collodion 
as possible, but still leave sufficient to prevent the sections from be- 
coming displaced. The slip on which the sections are mounted is then 
placed in 70 per cent alcohol until it is convenient to stain. The sec- 
tioned egg, thus mounted, is mordanted in 4 per cent iron-alum, stained 
in a 1/2 per cent solution of Heidenhain's hematoxylin and mounted in 
damar. This method may be applied to other large insect eggs as well 
and the transfer of sections in serial order by the use of tissue paper 
(Part I, p. 30) may be substituted for the plan given. 

The method of preparing collodion sections as ordinarily practiced 
is described in Part 1 and in most cases requires no particular modifica- 
tion aside from that involved in securing very thin sections. 

Recent modifications of the paraffin method make possible its appli- 
cation to insect eggs (see p. 40) . 

X. Smear Methods 

Of particular value in cytological investigations, especially in regard 
to germ cells, are the so-called smear methods. The general effect of the 
use of any of these is to spread out the cells in a thin layer on the glass 
slip or cover. By varying the pressure there are produced regions in 
which cells present distinct degrees of compression, extending even to 
the bursting of the cell and the liberation of its elements. Except in the 
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latter case, the entire cell is preserved so that certain inaccuracies, which 
may be noticed in the study of serial sections passing through an indi- 
vidual cell, are avoided. Smear methods, therefore, are particularly valu- 
able in the study of chromosome complexes where numerical relations 
are of primary importance. As was indicated in Part 1, it is not wise to 
rely entirely upon the appearances found in smear preparations and they 
should always be carefully checked up with similar conditions in sections. 
Judiciously employed, smear methods are of the very greatest value and 
are always to be resorted to when practicable. Until within recent years 
this method has found little application in the study of plant cells. Re- 
cently, however, Taylor and Kaufmann, by a simple modification in the 
method of applying pressure, have been able to achieve valuable results 
in the study of both somatic and germ cells of plants. The very great 
value of the method in laying bare details of cell structure, by separating 
the parts through pressure, is demonstrated. For an account of this appli- 
cation see Chapter iv. 

While the smear method is simple in principle, there are difficulties 
in its application which make it desirable to give somewhat in detail the 
steps involved. Accordingly the application of the method to the testis 
of an insect will be described. 

First, the organ is exposed by a ventral incision of the body and it is then 
freed from the surrounding tissues. Previously, appropriate sized cover glasses 
have been cleaned and are ready for use. In selecting these covers they should 
be of such a size as to supply space for the entire contents of the testis, or, if this 
be too large, for an appropriate sized piece of the organ. This is an essential 
step since if the material is too great some will be lost, whereas if it is too small 
the pressure and traction may be excessive and destroy many of the cells. The 
best conditions are provided when the material just fills the space between the 
covers. 

With the material thus placed a slight pressure is applied by means of for- 
ceps. This is a delicate portion of the operation and should be judged by the 
extent to which the follicles are ruptured, permitting the germ cells to separate 
thinly between the cover glasses. If the testis is from a young animal, the con- 
nective tissue is not very resistant and spreading is easily accomplished, whereas 
if it is from an adult with a greater amount and density of connective tissue the 
pressure will have to be increased correspondingly. There is also a considerable 
difference between species in this regard and only experience with a particular 
material will permit one to operate successfully in every case. 

Assuming that the cells have been properly spread, the next operation is to 
slide the covers apart in the plane of their contact with a fairly rapid and uni- 
form movement. If there is a variation here it will be reflected in the irregularity 
of the film. The object is to secure a uniform distribution of the cells in a single 
layer. It is sometimes desirable to proceed one step further in order to rupture 
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some cells, thus liberating their contents. Especially in the study of the minute 
details of chromosome structures, such free elements are of particular value. 

As soon as the two covers are separated they should at once be inverted upon 
the fixing fluid so that the film is directly exposed to its action. It is absolutely 
necessary in most cases to avoid any drying of the cells. Fixation of films may be 
accomplished by almost any of the common reagents, but, as in other instances, 
the picro-formol-acetic mixtures and Flemming’s fluid commonly give the best 
results. Since the film is thin, fixation occurs very rapidly and an exposure 
of a few minutes is sufficient. After fixation the film is treated very much as 
though it were a section and the processes of staining and mounting are carried 
out according to directions for sections. For staining it is often of value to have 
one of the pair of smears stained in iron hematoxylin and the other in Flem- 
ming’s tricolor when the fixation permits. If large numbers of cover glasses are 
handled at one time they may be carried through together in racks made for 
the purpose. 

A variation of this process which was introduced by Foot and Strobel 
for handling Hemipteran male germ cells is carried out as follows: 

The testis is seized by a pair of forceps and dragged back and forth in a 
regular pattern on the surface of a clean glass slip until the entire contents are 
distributed in a film. This is merely allowed to dry in order to secure fixation 
and is then stained with Bismarck brown and mounted in balsam. Such a pro- 
cedure is quite inapplicable to Orthopteran germ cells and to those of many 
other insects, but works well with the Hemiptera. Still another variation of the 
smear method was introduced by Foot and StrobelP for the study of the eggs of 
Allolobophora. In the operation of this method the individual eggs are isolated 
in small drops of water on a clean glass slip and each of them is pricked with 
a needle and the contents allowed to flow out and distribute themselves in the 
small quantity of water present. By simple evaporation of these small droplets 
the material is fixed and is then ready for staining and mounting. Both of the 
methods of Foot and Strobell are somewhat unusual and are particularly adapted 
to the materials which they employed. The results obtained, are so good that they 
warrant a trial in other cases. 

XI. The Aceto-carmine Method 

A method very valuable for rapid results is one employing Schneider’s 
aceto-carmine, by means of which the cells are fixed and stained simul- 
taneously. This was utilized to great advantage by IVIiss Stevens in an 
extensive series of studies on germ cells of insects. It has the disadvan- 
tage of causing extensive swelling of the chromosomes accompanied by 
much internal distortion of detail and the results lack permanence. If it 
is desired to preserve the specimens for a limited time this may be ac- 

“Foot, K., and SlroMI, E. C. .Iw. /. 4 naf., 4; No. 2, 1905. 
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complished by ringing a cover glass with some cement which will prevent 
evaporation. In recent years Belling has somewhat modified this method 
and has made much use of it in his studies on plant cells. For further 
discussion of this application of the method see Chapter iv. 

For the study of the chromosomes in Sciara, Schmuck and Metz use 
the following method: 

(1) Fix the eggs in Carnoy (equal parts of chloroform, absolute alcohol and 
glacial acetic acid) one-half to two hours. 

(2) Hydrate through descending grades of alcohol, one-half to one hour in 
each. 

(3) Stain with Feulgen (see p. 629) eight to ten minutes in fuchsin-sulphurous 
acid. 

(4) Dehydrate, five minutes in each alcohol to 85 per cent. 

(5) Clear in xylol. 

(6) Mount in balsam. 

(7) Move the eggs into desired positions by pressure of the coverglass. 

C. SPECIAL METHODS^' 

I. The Mitochondria 

1. Examination of Living Cells Unstained. Mitochondria may be 
studied in living cells teased out in serum or physiological salt solution 
without the addition of any stain by direct illumination or with the 
dark field. Their appearance by the latter method is beautifully illus- 
trated by Strangeways and Canti (1927) In animals they are perhaps 
best seen in the acinous cells of the pancreas where they are of unusually 
large size and may be recognized by their filamentous shape. Favorable 
plant material is afforded by pumpkin hairs, for the examination of 
which during life Maximow's (1913)^ paper will serve as a guide. Mito- 
chondria may also be readily studied by direct and oblique illumination 
in the living and growing cells of tissue cultures. 

2. Supravital Staining. The most satisfactory dyes are Janus green 
B, Janus blue, Janus black I, and diethylsafranin. The first three are the 
only known specific stains for mitochondria. Their chemistry is described 
by Cowdry (1918). They may be applied by immersion or injection, 
Janus green B is diethylsafranin-azo-dimethy 1 -aniline chloride. 

a. Immersion, The best results are obtained with blood (Cowdry, 
1914) as follows: * 

Section on Special Methods by E. V. Cowdry. 

^Strangeways, T. S. P., and Canti, R. G. Quart. J. Micr. Sci.^ 71: 1, 1927. 

Maximow, A. Anat. Am.;, 43; 241, 1913. 
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Janus green B should be employed in a concentration of about i:io,ooo in 
0.85 per cent sodium-chloride solution. A drop shAwld be placed on each of a 
series of six or more slips. A small amount of freshly drawn blood is then added 
to the dye and a cover glass is immediately dropped on it. No attempt should 
be made to mix the blood with the stain before covering. 

The preparations should now be examined. Almost immediately one of them 
will begin to show mitocondria, first in the lymphocytes and later in the granu- 
lar leucocytes. Soon the mitochondria will be stained in all of them. Under 
favorable conditions the color will last for several hours. Evaporation may be 
reduced by putting a ring of vaseline around the edges of the cover glass. 

It is difficult in this way to secure a good coloration of mitochondria 
in nerve cells and most plant cells because the dye penetrates poorly. 

b. Injection. This method is most satisfactory with the pancreas 
(Bensley, 1911) and salivary glands, but may be employed with all or- 
gans possessed of a rich blood supply. It does not, however, work well 
with the brain. 

The animal is killed and Janus green B is injected into the left ventricle or 
aorta in a concentration of 1:10,000 of salt solution by gravity pressure. In order 
to obtain a good penetration the return flow through the inferior or superior 
vena cava, as the case may be, should be momentarily cut off by artery clamps. 
After about 10 minutes' perfusion, small portions of the gland may be removed 
and examined for mitrochondria. When the desired intensity of staining has 
been reached, the entire gland should be placed in salt solution pending 
examination. # 

3. Fixation and Staining. 

a. Altrnann's (1890) aniline-fuchsin-picric acid method (slightly 
modified) : 

(1) Fix small fragments, not more than 2 mm. thick, in 5 per cent potassium 
bichromate 10 c.c. and 2 per cent osmic acid 10 c.c., twenty-four hours. 

(2) Wash in water one hour. 

(B) Dehydrate in 50, 70, 95 per cent, and absolute alcohol twelve to twenty- 
four hours each. 

(4) Half absolute alcohol and xylol, three hours. 

(5) Xylol, three hours. 

(6) 6 o ° g . paraffin three hours. Imbed. Cut sections 3/4 to 4/4, and fix to slips 
by albumen-water method. 

(7) Pass down through toluol, 95, 70, and 50 per cent alcohol, about thirty 
seconds each, to aq. dest. in staining jars. 

(8) Stain for six minutes in Altmann’s aniline fuchsin (aniline water 100 c.c., 
acid fuchsin 20 gm.). The stain may be poured onto the slide and the whole 
gently heated over a spirit lamp. 

(9) Blot and differentiate by carefully flooding the section with a mixture of 
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1 part of sat. ale. solution of picric acid and 2 parts of aq. dest., added with 
a pipette. During this operation the color can be best seen against a white 
background. 

(10) Rinse rapidly in 95 per cent alcohol. Pass through several changes of 
absolute into xylol and mount in balsam. 

In this way the mitochondria are stained a beautiful crimson color 
against a bright yellow cytoplasm. It is the oldest and in many lespects 
the best of mitochondrial methods, but it has two disadvantages— the 
fixative penetrates badly and the colors fade rapidly. Accordingly, neu- 
tral balsam or cedar oil adapted for immersion objectives should be 
used, the specimens should not be exposed to direct sunlight or to heat, 
and they should be kept in a dry place. 

Bensley as follows: 

(1) 2.5 per cent potassium bichromate, 8 c.c., 2 per cent osmic acid 2 c.c. 
glacial acetic acid 1 drop, twenty-four hours. 

(2) Wash, dehydrate, clear, and imbed (p. 16), except that bergamot oil is 
substituted for xylol. 

(3) Pass section down to water. 

(4) Dip in 1 per cent potassium permanganate about one minute. 

(5) Rinse in 5 per cent oxalic acid same time and wash in water. 

(6) Stain with aniline fuchsin as indicated. 

(7) Differentiate in a 1 per cent aqueous solution of methyl green. 

(8) Rinse rapidly in 95 per cent alcohol. Pass through several changes of 

absolute into xylol and mount in balsam. » 

The use of permanganate and oxalic acid corrects excessive mordant- 
ing with the osmic acid and bichromate. It may sometimes be dispensed 
with- The methyl green, which was first used in this way by Galeotti, is 
a much finer contrast stain than the picric acid and is also more perma- 
nent. The precautions already mentioned against fading should be 
observed, 

A second modification (Cowdry, 1918) may be given: 

(1) Regaud's mixture (3 per cent potassium bichromate 20 c.c. and formalin 
5 c.c.). The commercial formalin may profitably be neutralized by saturation 
with magnesium carbonate. The mixture may be applied by immersion or in- 
jection, the latter being recommended for large objects. It should be changed 
every day for four days and be kept in an ice-box (though this is not essential). 
Mordant for eight days in 3 per cent potassium bichromate, changing every 
second day. 

(2) Wash in running water over night. 

(3) Dehydrate, clear, and imbed as indicated (p. 16). 

(4) Pass slides to water as indicated. 
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(5) 1 per cent potassium permanganate thirty seconds, but time must be 

determined experimentally. 

(6) 5 per cent oxalic acid thirty seconds. Steps (5) and (6) may usually be 
dispensed with. 

(7) Rinse in several changes of distilled water about one minute. Incomplete 
washing prevents staining with fuchsin. 

(8) Stain in Altmann's aniline fuchsin made up as follows: Make a saturated 
solution of aniline oil in distilled water by shaking the two together. Filter and 
add 10 gm. of acid fuchsin (Duesberg) to 100 c.c. of the filtrate. The stain should 
be ready to use in about twenty-four hours. It goes bad in about a month. To 
stain, dry the slide with a towel, except the small area to which the sections are 
attached; cover the sections with the stain and heat over a spirit lamp until 
fumes, smelling strongly of aniline oil, come off; allow to cool; let the stain 
remain on the sections about six minutes; return the stain to the bottle. 

(9) Dry off most of the stain with a towel and rinse in distilled water, so that 
the only remaining stain is in the sections. If a large amount of the stain is left 
it will form a troublesome precipitate with methyl green; on the other hand, if 
too much stain is removed the coloration of the mitochondria will be faint. 

(10) Allow a little 1 per cent methyl green, added with a pipette, to flow 
over the sections, holding the slide over a piece of white paper, so that the colors 
may be seen. Apply the methyl green for about five seconds at first and modify 
as required. This is the crucial point of the method. 

(m) Drain off excess of stain, plunge into 95 per cent alcohol for a second or 
two. Then rinse in absolute alcohol, clear in toluol, and mount in balsam. 

{a) The methyl green may remove all the fuchsin, even when ap- 
plied only for a short time. This is due to incomplete mordanting of the 
mitochondria by the chrome salts in the fixative. It may be avoided by 
omitting steps (5) and (6), or by treating the sections with 2 per cent 
potassium bichromate for a few seconds just before staining (as advised 
by Bensley). The action of the permanganate and oxalic is to remove 
the bichromate, 

{h) The fuchsin may stain so intensely that the methyl green re- 
moves it imperfectly or not at all. This, on the contrary, is due to too 
much mordanting. It may be corrected by prolonging steps (5) and (6) . 

(c) Sometimes, after obtaining a good differentiation, the methyl 
green is washed out before the slide is placed in toluol, in which event 
omit the 95 per cent and pass to absolute direct. 

T his fixative is a good penetrator, in which respect it is much superior 
to Altmann’s fluid or Bensley’s mixture. The staining is satisfactory and 
uniform. Excellent results are obtained with plants as well as with ani- 
mals. It is recommended for pathological examinations. 
b. Benda's (1901) crystal violet alizarin method: 
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(1) Flemming’s fluid, eight days. 

(2) Wash one hour, half pyroligneous acid and 1 per cent chromic acid, 
twenty-four hours. 

(3) Two per cent potassium bichromate, twenty-four hours. 

(4) Wash in running water twenty-four hours, dehydrate, and imbed in 
paraffin. 

(5) Mordant sections in 4 per cent iron alum, twenty -four hours. 

(6) Rinse in water and bring into an amber-colored solution of sodium sulph- 
alizarinate, made by adding a saturated alcoholic solution to water, twenty- 
four hours. 

(7) Blot with filter-paper and stain in equal parts of crystal violet solution 
and water. The crystal violet solution made of sat. sol. crystal violet in 70 per 
cent alcohol 1 volume, alcohol 1 volume, and aniline water 2 volumes. 

(8) The solution is warmed until the vapor arises and then allowed to cool 
for five minutes. 

(9) Blot, and immerse in 30 per cent acetic acid one minute. 

(10) Blot, plunge in absolute alcohol until but little more stain comes off, 
clear in xylol, and mount in balsam. 

A useful modification is given by Meves and Diiesberg (1908) . Suc- 
cessful Benda preparations are excellent. The mitochondria are stained 
a deep violet color against a rose background. They are also much more 
permanent than Altmann preparations. Unfortunately the method is 
long, tedious, and difficult. It has been much employed in the study of 
spermatogenesis. 

c. Champy-KulVs (1913) aniline-fuchsin, toluidin blue and aurantia. 
This is a modification of the methods of Altmann and Benda: 


(1) Champy’s fluid: 

3 per cent potassium bichromate 7 c.c. 

1 per cent chromic acid 7 c.c. 

2 per cent osmic acid 4 c.c. 

Twenty-four hours. 


(2) Wash in aq, dest., then a mixture of i part acetic acid pyrolignosum rect. 
and 2 parts 1 per cent chromic acid, twenty hours. 

(3) Wash in aq. dest. thirty minutes and mordant in 3 per cent potassium 
bichromate, three days. 

(4) Wash in running water twenty-four hours, dehydrate, clear, imbed and 
section. 

(5) Altmann’s aniline fuchsin (10 gm. acid fuchsin to 100 c.c. aniline water) 
heating quietly over flame. 

(6) Allow to cool six minutes, pour off stain, wash rapidly in aq. dest. 

(7) Counterstain with 0.5 per cent toluidin blue one to two minutes. Rinse 
in aq. dest. 
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(8) 0,5 per cent aiirantia in 70 per cent alcohol, twenty to forty seconds. 

(9) Differentiate in 95 per cent alcohol, dehydrate, clear and mount. 

The nuclei are colored blue, the mitochondria red, the ground sub- 
stance greenish yellow. It is especially recommended by Gatenby for 
invertebrates. 

cl Regaud (1910) has used the iron-hematoxylin method of Heiden- 
hain after a large variety of fixatives, the best of which is his formalin 
and bichromate mixture. 

(1) 3 per cent potassium bichromate 20 c.c., formalin 5 c.c., for four days, 
changing every day. 

(2) Mordant in 3 per cent bichromate for seven days, changing every sec- 
ond day. 

(3) Wash in running water twenty-four hours, dehydrate, clear, imbed, and 
section as indicated. 

(4) Pass sections down to water as indicated. 

(5) Mordant in 5 per cent iron alum at S5*^c. for twenty-four hours. Rinse in 
aq. dest. 

(6) Stain for twenty-four hours in hematoxylin made up as follows; Dissolve 
I gm. pure crystals of hematoxylin in 10 c.c. of absolute alcohol and add 10 c.c. 
of glycerin and 80 c.c. of distilled water. A few weeks should be allowed for the 
stain to ripen. When ready for use it can be employed over and over again for 
about ten times. The traces of iron alum added to the; stain are helpful. The 
crucial point in the technique is this passing from the mordant to hematoxylin. 
The slides must be rinsed in distilled water, otherwise the iron alum will form a 
dense black precipitate in the stain. On the other hand, if they are rinsed too 
much, all the iron alum mordant will be removed. It is necessary to strike the 
happy mean in which a darkening of the hematoxylin alone occurs. It is always 
difficult to get good hematoxylin, and it is best to keep on hand a ripe alcoholic 
solution. 

(7) Differentiate in 5 per cent iron alum under microscope, wash in tap water 
half an hour, dehydrate, clear and mount. 

This is the most permanent as well as the simplest of all mito- 
chondrial stains. It may be used in the damp climates of most of our 
marine biological laboratories, where the Altmann method and its modi- 
fications are useless. It is advised that the beginner try it with an organ 
like the pancreas. Unfortunately the fixation rarely gives good results 
with embryonic tissues; for these the older osmic acid-containing fixa- 
tives are best adapted. It is often possible to make use of material fixed 
in the usual way with formalin by starting out with step (a) . Moreover, 
the preparations can be counterstained in a variety of ways (Cowdry, 
1916) . I’he coloration is less specific than that obtained by modifications 
of the Altmann method. Many cytoplasmic granulations which are not 
mitochondria are, like the mitochondria, colored blue-black. 
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e. Murray's method for mitochondria and bacteria. This is a modi- 
fication of the preceding technique. 

(1) Formol-Miiller. (Potassium bichromate 2.5 gm., sodium sulphate 1 gm., 
distilled water 100 c.c., formalin 10 c.c.) over night. 

(2) Mordant in Muller’s fluid two to seven days. 

(5) Wash in running water, dehydrate, clear and imbed in paraffin as indi- 
cated. Cut sections 5^1. 

(4) Remove paraffin, pass to water. 

(5) 8*5 alum at 50°c., fifteen minutes. 

(6) 0.5 per cent aq. hematoxylin at 5o°c., fifteen minutes. 

(7) Differentiate with similar iron alum solution. Dehydrate, clear and mount 
in balsam. In this way both mitochondria and bacteria are colored bluish black. 
If the sections are decolorized with 0.5 per cent hydrochloric acid in 70 per cent 
alcohol the bacteria alone remain colored. 

Bacteria are often well stained also by the various modifications of 
Altmann’s method. When the differentiator is methyl green they are 
colored green, when toluidin or methylene blue, they are blue; while the 
mitochondria are stained crimson with the fuchsin. The root nodules of 
clover afford satisfactory material because they are easily obtained and 
invariably contain readily stainable intracellular bacteria and mito- 
chondria. 

/. DubreuiVs (1913) iron hematoxylin method for blood cells: 

(1) Take up the fluid to be examined in a pipette containing several times its 
volume of 0.5 to 1 per cent osmic acid. Transfer to a centrifuge tube. A good 
fixation is obtained in about an hour. Then add aq. dest., centrifuge, and decant. 
The blood cells remaining are shaken up with absolute alcohol and then passed 
into a weak solution of celloidin. A drop is allowed to spread on a slide, which, 
before complete desiccation, is plunged into 80 per cent alcohol. 

(2) The mitochondria in the cells are then stained with iron hematoxylin, 
as indicated above. 

g. Bensley's copper chrome hematoxylin method. By this method 
the mitochondria are colored blue against a yellowish brown background. 

(1) Either Altmann’s osmic bichromate mixture (p. 266) or in Bensley’s acetic 
osmic-bichromate fluid (p. 267), twelve to twenty-four hours. 

(2) Wash, dehydrate, clear, imbed, and section. 

(3) Pass down to water. Saturated aqueous copper acetate, five minutes. 

(4) Wash in several changes distilled water, one minute, 0.5 per cent hema- 
toxylin, one minute. If the copper acetate has not been sufficiently washed out, 
a black precipitate forms in the hematoxylin. The hematoxylin should be well 
ripened. It may be obtained by dilution down from a 10 per cent alcoholic stock 
solution. 

(5) Rinse in aq, dest. 5 per cent neutral potassium chromate, one minute. 
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The sections should turn a dark blue-black color. If they are only a light-blue 
shade, rinse in aq. dest., place again in the copper acetate, and carry through as 
just described several times until no increase in color results. 

(6) Wash in aq. dest. and return for a few seconds to the copper acetate in 
order to convert all the dye into the copper lake. 

(7) Wash in aq. dest. 

(8) Differentiate under the microscope in Weigert's borax-ferricyanide mix- 
ture (borax i gm., potassium ferricyanide 1.25 gm., and aq. dest. 100 c.c.) diluted 
with 2 volumes of aq. dest. 

(9) Wash six to eight hours in tap water. 

(10) Dehydrate, clear, and mount in balsam. 

h. Eemley's (1911) neutral safranin method: 

(1) 2.5 per cent potassium bichromate 100 c.c., mercuric chloride 5 gm., for 
twenty-four hours. 

(2) Wash, dehydrate, clear, imbed, and section. 

(3) Preparation of stain: Add slowly sat. aq. sol. of the color acid, acid violet, 
to sat. aq. sol. of the color-base, safranin O, contained in a flask until a precipi- 
tate no longer forms. The point of neutralization may be roughly determined 
by dropping a little of the mixture on filter-paper from time to time until the 
outside red ring of safranin disappears and the whole blot takes on a neutral 
color. Filter. The filtrate should be as nearly as possible colorless. Dry the precipi- 
tate on filter-paper for twelve hours, collect it, and make a saturated solution of 
it in absolute alcohol. 

(4) Pass sections down through two changes of toluol and absolute alcohol in 
order to remove all traces of paraffin or toluol, which might interfere with the 
staining. Then through 95, 70, and 50 per cent to aq. dest. (Chrome- and 
osmium-fixed material must be bleached in permanganate and oxalic acid, and 
sublimate-fixed tissues must be treated with Lugol’s iodine solution for about ten 
seconds and washed in aq. dest.). 

(5) Dilute the alcoholic stock solution of the dye with an equal volume of 
aq. dest. and stain for from five minutes to two hours. 

(6) Blot quickly with several layers of filter paper. 

(7) Plunge into pure acetone and pass immediately to toluol without waiting 
to drain. 

(8) Examine under the oil immersion and if necessary differentiate in oil of 
cloves. If this is not sufficient, the slide, after rinsing in absolute alcohol, may be 
instantaneously flooded with 95 per cent alcohol, and then passed back through 
absolute alcohol to toluol. 

(9) Wash in two changes of toluol and mount in balsam. 

Working on the same principle, a number of stains can be made up 
for mitochondria (Cowdry, 1913). Note also Hensley’s neutral gentian 
method. These methods were devised by Bensley chiefly to aid in the 
study of the mitochondria and other cytoplasmic constituents in the 
pancreas. 
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i. Bensley's brazilin-wasserblau method for the mitochondria and se- 
cretion antecedents of the thyroid gland (1916). 

(1) Zenker's fluid, less acetic acid, plus 10 per cent formalin, twenty-four 
hours. 

(3) Wash, dehydrate, clear, imbed, and section. 

(3) Pass down to water. 

(4) Iodize with LugoFs solution, thirty seconds. 

(5) Stain in following solution several hours: Phospho tungstic acid, 1 gm.; 
aq. dest., 100 c.c.; brazilin, 0.05 gm. The brazilin is first dissolved in a small 
quantity of distilled water by the aid of heat and added to the phospho tungstic 
acid solution. Ripening may be accelerated by the addition of 0.4 c.c. of hydro- 
gen peroxide, or of a few drops of a solution of soluble molybdic acid. The solu- 
tion deteriorates with age and should not be used after three days. 

(6) Rinse in aq. dest. and place for one to five minutes in phospho tungstic 
acid, 1 gm. wasserblau, 0.2 gm.; aq. dest., 100 c.c. 

(7) Wash rapidly in water, dehydrate in absolute alcohol, clear in foluol, and 
mount in balsam. 

j. Meve's (1905) new Victoria green method: This method is in- 
tended for red blood cells which are simply stained in the fresh condition 
by the addition of a 4 per cent iodic-acid solution to which a small 
quantity of new Victoria green (malachite green) has been added. 

k. The methods of silver reduction employed by many Italian inves- 
tigators are essentially modifications of the original method of Golgi 
(p. 446) . They undoubtedly reveal mitochondria in most cases, but one 

would hesitate to attribute any high degree of specificity to them. 

4. Experimental Error in Mitochondrial Technique. Mechanical 
injury to the cells by the use of forceps during removal, before fixation, 
must be avoided. Allowing a surface film of the tissue to dry in air as 
it stands on the autopsy table will alter the whole appearance of the 
contained mitochondria. Osmotic changes are likewise harmful. Merely 
keeping the tissue in salt solution is detrimental. If the tissues cannot 
be fixed absolutely fresh, they should be set aside in a cool place and the 
surface layers should be removed with a razor just before preservation. 

The various ingredients of the fixations have different powers of 
penetration. In respect to the most superficial cells they act simultane- 
ously and give good preservation. As one passes inward their influence 
is successive and various types of artifact are often produced. 

Before reaching any conclusions as to mitochondrial alterations in 
experimental conditions, it is essential to make sure that all the mito- 
chondria have been preserved and that they retain the form exhibited 
during life. The number of mitochondria may appear to be reduced 
after faulty fixation, incomplete mordanting and excessive differentiation 
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of the stain. Mitochondria are never increased in amount through tech- 
nical errors. The most common change in the mitochondria brought 
about by fixation is a segmentation or rounding up of rods and fila- 
ments into spherules. Consequently the experimenter will wish to assure 
himself that this alteration is not taking place by comparison with living 
unstained and supravi tally colored cells. The reverse alteration, of a 
lengthening of the mitochondria, never results from mistakes in 
technique. 

Special methods for the quantitative estimation of mitochondria 
have recently been devised by (Du Noiiy and Cowdry, 1927,^ and Cowdry 
and Coveil, 1927’^) . 

II. The Golgi Apparatus (Reticular Apparatus Bennennetz^) 

While there is so little agreement as to just what the Golgi apparatus 
is, it is difficult to describe the technique for its demonstration. What 
may, however, be regarded as the “type structure” was first revealed by 
Golgi (1898) in nerve cells through fixation in a mixture containing 
potassium bichromate and osmic acid followed by impregnation with sil- 
ver, The apparatus appears jet black against a yellowish background. It 
is a conspicuous structure consisting of an intricate network of anas- 
tomosing strands. This network may closely envelop the nucleus, be 
concentrated to one side of it, or else be scattered rather diffusely 
throughout the cytoplasm. 

In 1902 Kopsch showed that the same material can be blackened by 
prolonged treatment with 2 per cent osmic acid. On this affinity for 
both silver and osmium all the modern methods for revealing the Golgi 
apparatus are based. Few cytological reactions are more fickle and in- 
constant, but, when after many attempts the technique is successful, 
convincing and very beautiful preparations result. 

Unlike the mitochondria, the Golgi apparatus cannot be studied 
unstained or supravitally colored in the living cell with any degree of 
satisfaction except perhaps in some plants. For a summary of advances 
in this direction, and for much original work, including the supravital 
coloration of the apparatus with neutral red in saprolegnia, see the 
monograph of Guilliermond.^ Parat and his associates, in a brilliant 
series of studies, have advanced the view that the material which we 

®Du Noiiy, P. L., and Cowdry, E. V. Anat. Record, 34: 313, 1927. 

’’^Co’tvdry, E. V., and Coveil, W. P. Anat, Record, vol, 34: 1927. 

®ror a discussion of the relation of the Canalicular apparatus, Trophospongium 
Saftkanalchen, etc, to the C^olgi apparatus see: Cowdry, E. V., (ed.) General Cytology, 
Chicago, 1924. 
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recognize as the Golgi apparatus in animal cells which have been im- 
pregnated with silver or with osmium, is represented in the living cell 
by droplets which may be colored with neutral red. We await a final 
proof of this hypothesis with eagerness. 

With both silver and osmium methods considerable experimentation 
is necessary in order to obtain the best results. The factors to be varied 
are principally the composition of the fixative and impregnating sub- 
stance and the time during which they are allowed to act. During im- 
pregnation it is always advisable to keep the tissues in the dark and 
instructions as to temperature requirements should be carefully fol- 
lowed. When either the silver nitrate or osmic acid becomes blackened 
it should be renewed. It is important for the beginner to start with the 
most favorable material. The spinal ganglion cells of young mammals 
such as the rabbit are perhaps the best for this purpose. The acinous 
cells of the pancreas are also recommended but are somewhat more 
difficult to handle. All of the methods of impregnation outlined below 
frequently bring to light the mitochondria also. 

I. Silver Methods. | 

a. CajaVs (1912) uranium nitrate silver method.^^ This is one of [ 

many methods devised by Cajal. It is recommended for embryos and j 

young animals. j 

(1) Uranium nitrate 1 gm., formalin 15 c.c., and aq. dest. 100 c.c. eight to | 

twenty-four hours. 

(2) Wash quickly in aq. dest. 

( 3 ) ^-5 cent silver nitrate twenty-four to forty-eight hours. 

(4) Rinse in aq. dest. 

(5) Hydrochinon 2 gm., formalin 6 c.c., aq. dest. 100 c.c., anhydrous sodium 
sulphate 0.15 gm., twelve hours. 

(6) Wash in aq. dest., dehydrate quickly, clear, imbed, and section. 

' " 

b. Da Fano's (1920) cobalt nitrate silver method. Here the ura- 
nium nitrate is replaced by cobalt nitrate. In other respects the technique 
is similar. De Fano has, however, so carefully attempted to control 
troublesome experimental conditions that the various steps are given in 
detail, r 

(1) Fix in cobalt nitrate 1 gm., aq. dest. 100 c.c., formalin 15 c.c. six to eight 
hours. The formalin need not be neutralized unless it is strongly acid. In the | 

case of embryos and delicate tissues, when shrinkage is to be feared, reduce the ' 

® Guilliermond, A. Arch. d*Anat. Mzcr., 23: 1, 1927. 

Many useful hints are given by Carleton, H. H. /. Roy, Micr. Soc., p. 321, 1919. 

“Da Fano, /. Roy. Micr. S’d,, p. 157, 1920. 
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formalin to as little as 6 c.c. With cartilage and small pieces less than 3 mm. 
thick, like the organs of mice, shorten the time of fixation to three to four hours. 
Hollow organs, such as the stomach and intestine, are better with the fixing 
fluid for one hour and then cut into pieces of convenient size and shape. For the 
spinal cord, cerebellum and, cerebrum of adults, eight to ten hours is recom- 
mended, but fixation should never exceed twenty-four hours. In the case of the 
testicle, he advises injection of the fixative through the aorta and then immer- 
sion in it. 

(2) Wash quickly in aq. dest. and impregnate in 1.5 per cent silver nitrate 
twenty-four to forty-eight hours. The concentration of silver nitrate should be 
reduced to 1 per cent for very small fragments easily permeable, and be increased 
to 2 per cent for tissues containing much fat and for the spinal cord. Impregna- 
tion is effected at room temperature in a majority of cases. When difficulty is 
experienced in impregnation the use of an incubator at 36° to 37°c. is advised. 

(3) Wash rapidly in aq. dest. and cut down the tissues again to a thickness of 
2 mm. or less. 

(4) Reduce in CajaFs mixture, above mentioned, twelve to twenty-four hours. 

(5) Wash in aq. dest. one-half hour. Cut with a freezing microtome or imbed 
in paraffin. The Golgi apparatus should be colored dark brown or black against 
a yellow background. The preparations may be made more permanent by gold 
toning. 

(6) Pass to water. Then 0.1 to 0.2 per cent gold chloride, two hours. 

(7) Counterstain with alum carmine, dehydrate, clear and mount. 

2, Osmium Methods. 

fl. Kopsck's Method, Immersion of small pieces of tissues in 2 per 
cent osmic acid for eight to sixteen days often brings to light the Golgi 
there is considerable shrinkage and the tissues become 

rather brittle. 

b. Sjovalls (1905) modification: 

(1) 10 per cent formalin, eight hours. 

(2) Wash in aq. dest. 

(3) 2 per cent osmic acid at 35°c., two days. 

(4) Dehydrate, clear, imbed. 

c. Birschlefs (1918) modification: 

(1) Saturated aqueous mercuric chloride 10 c.c., 2 per cent osmic 10 c.c., at 
room temperature one to three hours. 

(2) Wash in running water then in aq. dest., one-half hour. 

(3) Two per cent osmic acid at 25 °c., twelve to sixteen days. 

(4) Wash twenty-four hours in running water, dehydrate, clear in chloroform 
and imbed. 

d. Kolatchew' $ mtihod (Nassonov, 1924) : 

(1) 3 per cent potassium bichromate 10 c.c., 1 per cent chromic acid 10 c.c., 
and 2 per cent osmic acid 5 c.c., twenty-four hours. 
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(2) Wash in running water twenty-four hours. 

(3) 2 per cent osmic acid 4o°c., eight hours, three to five days at 35°c. 

(4) Wash in aq. dest., dehydrate, clear, and imbed. 

e. Weigerfs Mann-Kopsch method as modified by Gatenby:!^ 

(1) Mann osmio-sublimate mixture (sat. aq. corrosive sublimate in salt sol., 
10 C.C., 1 per cent osmic acid, 10 c.c.) one quarter to three hours or more. 

(2) Wash in aq. dest. fifteen to thirty minutes. 

(3) 2 per cent osmic acid, room temperature ten to fourteen days. 

(4) Wash in running water two hours or more. 

(5) Dehydrate, clear, and imbed. 

The Golgi apparatus is blackened and the mitochondria and ground 
substance are colored reddish brown. Gatenby suggests as subsequent 
treatment: 

(a) ‘‘The blackening may be extracted step by step in turpentine, 
and the appearance of the cell granules studied at intervals. 

(b) “If the mitochondria are not stained black by the OSO4, one 
may proceed directly to the Altmann method (but preferably after 
cautious treatment in 0.125 per cent permanganate of potash). 

(c) “The nuclear structures may be stained in safranin, crystal vio- 
let, or acid fuchsin. The sections are brought down to distilled water and 
transferred to watery solutions of the dye. A few minutes generally 
suffice to stain the nuclei.’' 

Many suggestive experiments have been made with the Mann-Kopsch 
method by Ludford.^^ He has found that the time of fixation bears out 
little relation to the degree of impregnation with osmic acid, and that 
better impregnation is obtained when the temperature of the osmic bath 
is increased above that of the room. With progressive rise in temperature 
the following sequence of changes was observed: 

(a) “The apparatus appears first as granules or faint rodlets. 

( 5 ) “The rodlets become thicker and the cytoplasm commences to 
shrink. 

(c) “The rodlets appear to be anastomosed to form a network, and 
the ground substance becomes coarsely granular. 

(d) “The whole of the Golgi apparatus is impregnated deep black, 
and the ground cytoplasm is distorted so as to give the appearance of a 
tangled network, or reticular structure, and there is considerable non- 
specific reduction of the osmic acid. 

(e) “Thereafter, the cell becomes more and more deeply osmicated, 
until the cytoplasm appears homogeneously black.” 

’-Lee’s Microtomist’s Vade-mecum. Ed. 9. Ed. by Gatenby, J, B., and Cowdry, 
E. V., London, 1928. 

Ludford, R. J., /. Hoy. Micr. Soc., p. 269, 1924. 
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Cells which have thus become very black may be bleached by dilute 
solutions of potassium permanganate, by hydrogen peroxide and by 
nascent chloride. Ludford prefers the last. In view of these experiments 
he says the “Golgi apparatus is that region of the cytoplasm of cells 
which brings about the reduction of osmium tetroxide at a lower tem- 
perature, or in a shorter time, than is required to produce a total 
blackening of the cell.” 

3. Experimental Error in Revealing the Golgi Apparatus. Some 
investigators prefer to impregnate the Golgi apparatus with silver and 
others with osmium. Which is the least open to objection it is difficult 
to say. The precautions to be observed are in many respects similar to 
those mentioned under the heading of “Mitochondria,” p. 265. The in- 
fluence of variations in temperature has not been so carefully studied 
with silver as with osmium. Before placing any reliance in the Golgi 
apparatus as an indicator of cellular activity it is essential to make sure 
that the technique being used brings to light all the Golgi apparatus, 
not only a part of it. The surface and volume of this peculiar structure 
have recently been measured quantitatively by means of a special tech- 
nique in spinal ganglion cells.^^ 

Covell, W. P. Ayiat. Record, 35: 149, 1927. 
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EMBRYOLOGICAL METHODS 

C. E. McClung, Ezra Allen and Ruth McClung Jones 

Introduction 279. Securing embryological material 279. Study of living material 
in normal and isotonic media 281. Prepared material 282. 

I. Introduction 

The range of embryological methods is extensive and their character 
varied, so that in a book of this sort it would be impossible to treat 
them exhaustively. Especially is this true if the practices of experimental 
embryology are involved. The only consideration that the latter will 
receive will be in connection with the treatment of micromanipulations. 
The main emphasis here will be placed upon the technique for fixed 
and sectioned material. 

II. Securing Embryological Material 

Unlike other materials, those used in embryological work may not 
be obtaLinable just when wanted, so that it becomes necessary to take into 
consideration the seasonal occurrence of developmental stages in animals 
and to follow the rule of getting the material when it is available rather 
than when it is wanted. Because of the large numbers of animal forms 
and their variable embryological behavior it will be possible here to 
consider only types and these very briefly. If one desires information 
with regard to the various forms available for embryological studies he 
should consult works devoted to comparative embryology. It will be 
sufficient here to mention that many aquatic invertebrate forms, both 
fresh water and marine, offer convenient sources of material. Certain 
snails may be kept in aquaria and will there provide at intervals batches 
of eggs which may be traced through the various developmental proc- 
esses. Fish often are convenient for this purpose. The eggs are stripped 
from the female and the milt from the male, and after fertilization the 
successive steps of cleavage and somatogenesis may be obtained. 

Amphibian material is usually available only in the spring, but if 
secured at this time may be obtained in large quantities. Frogs and toads 
are most often the source of this material, but certain Urodeles also 
serve. Axolotls are conveniently kept in aquaria and in the spring lay 
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a number of batches of eggs which are very excellent embryological 

material. 

One of the most extensively studied embryological forms is the chick. 
It has certain advantages, one of which is the ease with which material 
may be obtained. All stages of development may be secured by timing 
the periods of incubation, either under a hen or in an incubator. Mam- 
malian material is very difficult to handle although its source is more 
continuous and convenient than any other. The commonest forms uti- 
lized for this purpose are the mouse, rat, rabbit and pig. 

Knowing the reproductive cycle of any animal it is not a matter of 
great difficulty to obtain a complete series of embryological stages by 
appropriate timing. In the case of the pig the most convenient method 
is to go to an abattoir and there secure uteri, collecting a large number 
of stages which later may be measured and sorted. Because of its availa- 
bility in this manner the pig has been much used, although it has 
certain structures which are unusually developed. Later stages of devel- 
opment are not hard to obtain but the early ones offer many more 
difficulties. As a means for securing these in the case of the mouse, Allen 
offers the following directions: 

Mouse Embryos. Fixation of small mammalian embryos in situ frequently 
results in distortion through contraction of the uterine muscles. The following 
method has avoided this I'esult in mouse embryos from five to eight days gesta- 
tion age, the critical period. Remove both horns of the uterus by severing the 
tubes, the mesometrium, and the vagina. Transfer to Locke’s solution in a small 
dish with paraffin-covered bottom. Stretch the horns and pin fast, ventral side 
up, pinning through the vagina or bladder, the tubes, and the mesometrium. 
Under a low power binocular remove the muscle from the exposed surface, at 
least over each capsule {decidua capsularis). This may be done by starting at tlie 
vagina and carefully dissecting the muscle as a sheet, or removing it in short 
strips. The capsules may now partly be freed with ease from the underlying 
muscle and left attached at the mesometrial end. If carefully done no pressure is 
exerted upon the capsules. The fixative desired may now be added in small 
quantities, pipetting it directly upon the capsules while in the Locke’s solution. 
In about fifteen minutes, after several applications of the fixing fluid, the pin 
may be removed; and if no contraction takes place the horns removed to the 
pure fixative. Destin’s fluid (see formula, Chapter ix, p. 559) has given excellent 
results for both normal and degenerate embryos, but is not to be relied upon 
for chromosome fixation. Fix from two to eight days, wash for twenty-four hours, 
and run to 50 per cent alcohol by gradual steps. Again pin fast and dissect the 
capsules sufficiently to remove one-half of the capsular tissue, watching for the 
appearance of the embryo. When it is uncovered, it may either be removed and 
further dehydrated for sectioning, or left in position and the capsule and embryo 
removed from the muscle and pr^efiared for sectioning together. By staining in 
toto with alcohol cochineal, orientation of tlie embryo in either case is simple: 
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the weak stain is readily removed from the sections by acid alcohol. If desired to 
treat the embryos differently, the capsules may be severed from each other after 
the muscle has been removed and placed in different fixatives. Bouin’s and B-15 
are both good fluids for preserving the capsules and embryos, but they render 
the decidua capsularis a little tougher than does Destines fixative. If used, the 
duration of fixation should be as brief as possible, especially if dissection of the 
capsule is proposed. The chrom-acetic-formol fluid gives a beautifully white 
embryo and surrounding tissue. Mouse embryos younger than six days of gesta- 
tion are too small to be seen under the binocular, and their capsules should not 
be dissected but sectioned whole. Capsules of six to eight day embryos may be 
trimmed on each side after the embryo is uncovered, thus avoiding many super- 
fluous sections. This trimming should be done before passing to the clearing 
fluid, but not before they have been in 70 per cent alcohol long enough to 
harden fairly well. 

Mouse Uteri for Blood Vessels. For this purpose, either ligate the blood 
vessels before removing the uterus from the body, or stretch the two horns in the 
body cavity and cover with Locke’s solution. To this add the mixture previously 
described (p. 249) as B-20. After the horns have stiffened, remove them to the 
pure fixative and let remain an hour. The fixative may be either warm or at 
room temperature. Carry to 70 per cent alcohol by gradual steps. When thus 
treated, the blood tends to retain its color for some time and the vessels stand 
out against the yellow color of the rest of the tissue. 

III. Study o£ Living Material in Normal and Isotonic Media 

In embryological work it is fortunately the case. that the entire history 
of a single organism may be continuously observed under appropriate 
conditions. The normal picture of development thus secured is extremely 
helpful in the interpretation of sectioned material later, and wherever 
possible should always be sought. The technical processes involved 
here are extremely simple and recjuire no elaboration. However, when 
it comes to the experimental modification of normal processes we enter 
a field of great difficulty and diversity. 

Much of the early development of a chick embryo may be observed 
by producing a window in the shell of the egg. This is best accomplished 
by using a hard rubber ring of about three quarters of an inch in diam- 
eter. The outline of this is marked on the side of the shell with a pencil 
and within this the shell is thinned by means of a file. The rubber ring 
is then cemented onto the shell by the use of shellac or a collodion 
solution. After this is hardened the shell and membrane within the ring 
are removed and the space filled up with albumen from another egg. 
Over this is placed a cover glass which soon becomes firmly attached by 
the drying of the excess albumen. The egg is then put into an incubator 
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and by turning the window to the upper side of the egg the embryo may 
be observed at any time and its development traced. 

There are two general means for carrying out experimental modifi- 
cations. The first is by chemical agents and the second by physical or 
mechanical methods. Because of the great diversity of chemical modifica- 
tions of development and their special character it is not expedient to 
discuss them at length here, and those interested are referred to such 
works as those of Jacques Loeb and others. In recent years mechanical 
methods for modifying embryological processes have been highly devel- 
oped and have served to advance our knowledge of normal processes 
materially. These also are of extreme diversity but because they have not 
been so fully published the methods will be discussed somewhat at length 
by Chambers in the chapter on fresh material. 

IV. Prepared Material 

I. General Character of Processes. The methods employed for 
embryological study do not differ materially from similar ones in cyto- 
logical and histological work. The same fixatives that produce good 
results on cells and tissues also act best when the entire body of an 
embryo is to be preserved. Likewise the methods of sectioning in paraffin 
and collodion are essentially the same as elsewhere employed and do not 
require repetition here. 

a. Whole Mounts of Fixed Specimens. It happens, because of the 
small size of embryos, that they are often studied entire and so we have 
special methods for mounting and studying whole organisms rather than 
their parts. Chick embryos are conveniently mounted entire, very much 
like a stretched preparation. Since' these are so often used for embry- 
ological studies the method of their preparation will be given fully. 

Remove an egg from the incubator, and, holding it in the hand, break the 
small end by tapping it gently with a blunt instrument. With forceps pick away 
enough shell to leave an opening of about 15 mm. Pour out as much albumen 
as possible, cutting the denser portion with scissors if it does not flow readily. 
With scissors or forceps take away more shell until the yolk is completely ex- 
posed, and the broken edge of the shell is on a level with the yolk. The embryo 
should be uppermost if these operations have been carefully performed. It 
may be brought to that position if necessary by rotating the yolk with a section 
lifter.'. ■ 

Place the egg now in a pan of sawdust, sand or planer chips, and pipette on 
forraol-nitric (p. 559) fluid. At least two applications are necessary during the 
fixing period. When fixation is complete, cut around the sinus terminalis with 
curved scissors and remove the specimen carefully with a section lifter to a dish 
of water. Free it from yolk, using a gentle stream of water from a pipette, and 
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transfer it to a dish of fresh water. At this point remove the vitelline membrane 
carefully. 

Pick up with forceps a square of unglazed paper somewhat larger than the 
blastodisc. Lift the specimen from the water on this paper, making sure that it 
lies fiat and unwrinkled and that the yolk side is up. Float on Worcester’s fiuid 
in a small dish and pipette more of this hardening fluid on the specimen. Rinse 
in water to which a few drops of iodine have been added, stain in dilute (i part 
stain, 10 parts water) alum cochineal, and run up to 70 per cent alcohol. 

Differentiate to a clear transparent pink in acid alcohol (5 drops HGl to 
10 c.c. 70 per cent alcohol) and return to 70 per cent alcohol. Spread the blasto- 
disc fiat on a fresh square of paper and cut through specimen and paper, making 
a circle, which includes, except in old and large specimens, the sinus terminalis. 
The cutting causes the tissue to adhere to the paper, so that in subsequent 
procedures the embryo may be easily handled. Float on 80 per cent alcohol, 
dehydrate in dioxan, mount in the sandrac medium (pj 40). 

The mounting is most easily accomplished if a round coverglass has been pre- 
pared in advance by cementing near its edge, equidistant from each other, three 
strips of celluloid, of such a thickness that the cover will be supported by them 
and will just clear the chick. Place a i x 3 inch slip in the bottom of a narrow, 
flat dish of dioxan, free the embryo from its paper, manoeuver it to the approxi- 
mate center of the slip, and lift the slip from the dish. Center the chick accu- 
rately, place over it the cover and fill the space under the cover with sandrac 
medium, using a fine pipette. In the course of drying it will probably be neces- 
sary to add more sandrac. After cleaning, ring the cover with damar. 

By a process of microinjection (Knower, p. 57) such embryos may 
have their circulatory system filled with India ink and when mounted 
entire make beautiful preparations. Older embryos may be injected in 
the same manner. These are not mounted like an ordinary microscopical 
preparation but are cleared with methyl salicylate and placed in con- 
venient containers for observation. 


INFILTRATION SCHEDULE FOR SECTIONED MATERIAL 



Paraffin and Dioxan 

Paraffin, 3 Changes 

1 8—24. J . 

6-18 hours 

1 hour 

1 3/2 hours 

2 hours 

4 hours 

0 * 1 — AO 



72 ~q 6 


/* 



In the study of the developing osseous system, embryos may be 
rendered transparent by treating them without previous fixation with a 
1 per cent solution of potassium hydroxide for twenty-four hours. They 
are subsequently preserved in glycerin. 

d. Dissected Specimens. Dissections of embryos, even of small size, 
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are eiitireiy feasible and, in connection with sections of similar embryos, 
afford a valuable means of correlation. Heuser has developed very re- 
fined methods for such microdissections. He fastens the fixed embryo to 
a small piece of ground glass with gelatin. After the embryo has become 
attached it is then dissected under alcohol with the aid of the binocular 
microscope. In this manner he has been able to trace out even the finest 
connections of nerves. For some purposes it is better to stain the embryo 
entire before beginning the dissection and for this purpose alum cochi- 
neal is perhaps the best stain. 

c. Sectioned Specimens, While cleared preparations and dissections 
are very helpful in reaching an understanding of embryonic structures, 
final resort in most cases must be made to the study of serial sections. 
Here, as elsewhere, the preservation of the material in its normal form 
is of the highest importance. Formerly Zenker's fluid was much recom- 
mended as a fixative, but it causes extensive shrinkage and now resort 
is made almost entirely to the picro-formol-acetic combinations. Picric 
acid in connection with sulphuric acid in the formula of Kleinenberg 
has long been used but seems to be inferior to the picro-formol-acetic 
mixtures (p. 562) . 

All of the usual precautions with regard to gradual transfer of the 
specimen from one fluid to the other hold with somewhat added em- 
phasis in the case of embryos. The methods of staining are similar to 
those used in histological practice with the exception that for most pur- 
poses the advantages lie with in toto staining. For this purpose no 
better combination has been evolved than the alum cochineal stain 
(p. 612) . 

Excellent preparations may be made if almost the same methods 
already outlined for whole mounts are followed. Undiluted alum cochi- 
neal should be used for staining with no subsequent differentiation. In 
70 per cent the specimens are affixed to papers, yolk side up, by cutting, 
retaining only as much of the extra-embryonic membranes as desired. 
Dehydration by dioxan is satisfactory. The fixing of the embryo on the 
paper is of great value in keeping it perfectly flat, since the curling 
which often occurs otherwise during dehydration makes it difficult to 
section it accurately in either a frontal or a sagittal plane. The paper is 
removed before the embryo is sectioned. 

It is desirable to adopt a uniform method of arranging embryo sec- 
tions on a slide. A conventional method for transverse sections is to cut 
the sections in such a way that after spreading, embryos which have not 
undergone rotation (i.e. up to about thirty-eight hours) show the noto- 
chord on the right hand side of the section when it is viewed through a 
compound microscope. CorrevSpondingly, older embryos show the noto- 
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chord in any part of the body which has rotated, below the neural tube. 
This arrangement can be easily secured in the following way. 

The membrane at the cephalic end is cut slantwise with a point on 
the left some 2 or 5 mm. higher than the right hand side, at the same 
time the specimen is fixed to the paper. In blocking the specimen it is 
mounted caudal end toward the block. The block is inserted in the 
clamp of the microtome so that the point above mentioned is to the left. 


TIME SCHEDULE FOR WHOLE MOUNTS 


Chicks 

Formol- 

nitric 

Water 

Worces- 

ter 

Water 

Alum 

Cochi- 

neal 

Wash 

10, 20, 30 
50, 70% ale. 

Dioxan, 

3 

Changes 


min. 

min. 

min. 

min. 

hours 

min. 
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hours 
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15 

2-5 

15 

20 

18-24 

1 

5 

10 

12-24 

33-“40 

20 

2-5 

20 

20 

18-24 

5 

15 

1 2-24 

48-56 

24 

2-5 

25 

30 

18-24 

10 

20 

18-24 

72-96 

30 

2“5 

30 

30 

18-24 

15 

25 
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For a complete understanding of the structure of a bilaterally sym- 
metrical body such as a vertebrate embryo it is necessary to have embryos 
of similar stages of development cut in three planes at right angles to 
each other. Two of these series are longitudinal sections, one passing 
parallel with the plane which divides the body into right and left halves, 
and the other at right angles to this. In addition to these two longi- 
tudinal sections, one series cut at right angles to them and passing 
transversely through the body is necessary. These sections, when cut by 
the paraffin method, come off in a continuous ribbon which is then sub- 
divided and mounted as slides in such manner that by proceeding from 
left to tight successively in one slide after the other, the entire embryo 
is passed through in order, emerging at the last section on the lower 
right hand corner of the last slide. The sections are therefore read like 
the letters in the words of the lines of a printed page. It is obvious that 
with the necessity for this continuous series of sections, every precaution 
must be employed in sectioning and in subsequent treatment, to avoid 
the loss or mutilation of any section or series of sections. Also for ready 
passage from one section to the other they should be arranged in abso- 
lutely straight rows and so placed on the slide that sections at right 
angles to the rows fall also in lines. A thoroughly good embryological 
slide will show the sections therefore uniformly spaced and in straight 
rows. 

For small embryos the ordinary ^ize of glass slip, 1 X 3 inches, may 
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be used, but larger specimens are better mounted upon slips ii/^ X 3 
indies, or 2X3 inches. 

The thickness of sections depends upon the purpose in view. Ordi- 
narily the best thickness is about lO/x, and it is very desirable to have a 
microtome which will cut a practically uniform series of sections. This 
is of particular merit wTen reconstructions are to be made. 

It is always important to secure complete spreading of the sections, 
but it is of unusual value in the case of embryological sections because 
if they are to be used for reconstructions any distortion due to unequal 
or incomplete spreading will seriously interfere with the production of 
the model. 

The experienced worker, having at his command sections of an em- 
bryonic stage in the three dimensions, will be able to reconstruct in 
his mind the general configuration of organs and their relations to each 
other. However for a permanent record, resort is often had to the process 
of reconstruction. This consists essentially in making drawings or photo- 
graphs of sections at regular intervals and from these making transfers 
to wax plates which are of such a thickness as to correspond in mag- 
nification to the two dimensions represented in the section. These wax 
plates are then cut and piled one upon the other until they repro- 
duce in their essential form the structure of the entire embryo. Of 
course, due to many technical difficulties, the contour of the surfaces is 
not a continuous one and resort is had to a method of smoothing by the 
use of heated implements until the normal outline is restored. The use 
of transparent cellophane sheets for making drawings upon, which can 
be viewed collectively, is recommended by van der Jagt.’ 

Dissections and whole embryos are often very helpful in determining 
the exact amount of reduction or addition necessary to restore the 
correct outline. There are many details involved in the process of recon- 
struction which cannot be given here, but for which information may 
be secured by consulting such works as Minot’s laboratory manual.^ 

74: 60 1, (July 3) 1931. 

® Minot, C. S. Laboratory Text Book of Embryology. Ed. 2, Phila., 1910. 
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FOR Dental Tissues 353. Methods for Intercellular Substances of Connective 
Tissues 402. Methods for Preparing Muscle and Electric Organ Tissues 420. 
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METHODS OF STUDYING RED BLOOD CELLS 

Raphael Isaacs 

Counting red blood cells 287. Counting white blood cells 292. Counting blood 
platelets 293. Estimating hemoglobin percentage 295. Measure of hemoglobin 
percentage by means of oxygen combining power of blood 299. Color index 302. 
Determining volume of blood cells 303. Obtaining volume index 304. Mean cor- 
puscular volume 304. Mean corpuscular hemoglobin 305. Mean corpuscular 
hemoglobin concentration 305. Saturation index 305. Washing red blood cells 
305. Determination of specific gravity of blood 308. Determining resistance of red 
blood cells to hypotonic salt solutions 307. Determining resistance of red blood 
cells to heat 308. Determining sedimentation rate of red blod cells (suspension- 
stability) 309. Measuring red blood cells 311. Studying hemagglutination and 
hemolysis of red blood cells 314. Studying sickling of red blood cells 318. Demon- 
strating special features or structures in red blood cells 319. Blood platelet dilut- 
ing solutions 322. 

I. Methods of Counting Red Blood Cells 

I, Apparatus and Materials. Solution, Hayem’s, Toisson's or 
Gower's, freshly filtered (p, 323) . 

Alcohol, 70 per cent, for washing the skin. 

Blood Lancet. A pen point may be used or a Hagedorn needle. 
There are special types of blood lancets on the market, some with 
guards to measure the depth to which the needle penetrates the skin, 
and others, automatic, with a point released by a spring. 

Red Blood-counting Pipette. It is well to use one with a Bureau of 
Standards certificate or one which has been checked or calibrated, so 
that its accuracy is known. The best type of blood-counting pipette is 
one with a blunt tip as this is less likely to break. There are some special 
types of blood-counting pipettes made to overcome certain defects of the 
■ ■ ■ 2^7 ■ ■ 
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ones commonly used. In the Trenner diluting pipette the inner end of 
the measuring capillary tube terminates slightly above the lower level 
of the mixing chamber and at right angles to its floor. Blood drawn into 



Fig. 1. Appearance oL' bright line hemocytometer slide. 

this tube runs by capillary action to the end of the tube which is, there- 
fore, automatic in this respect. This tube is graduated differently from 
the original Thoma diluting pipette in that the total volume of the 
capillary tube is of the content of the bulb of the red counting 
pipette (for the white counting pipette the capillary tube volume is 
of the volume of the mixing chamber) . This pipette eliminates one 
error in measuring the blood for dilution. The Piney pipette^ is more 
elaborate and is useful for very exact measurements. The Shaweker 
pipette has the dilutions engraved on the capillary stem instead of the 
figures 0.5 or 1.0 as in the Thoma pipette. 

Counting Chambers, There are several types. The Biirker^ type is 
now becoming more popular and gradually replacing the older type with 
a round moat and round center table. The newer counting chambers 
are made of one piece of glass and should be chosen in preference to 
those in which the ruled surface or the supporting surfaces are cemented 
to the glass slip. There are numerous types of rulings. Many of them are 
of historical and evolutionary interest. The simplest and most practical 
is the Neubauer ruling in the improved form.^ The directions given here 
will enable one to use any type of ruling. The Spencer “bright-line" 
counting chamber has a metallic film incorporated in the surface of the 
slide on which the rulings appear as white lines against a dark back- 
ground (Fig. 1) . 

2. Technique. The blood may be taken from the ball of the finger 

^Pinc*)’, .A. Lancet, 1; 906, 1924. 

“ Biirker. K. Arch. f. cl ges. Physiol, 118: 460, 1907. 

‘Neubjiiier, E. J. Lab. & Clin. Med., lo: 56, 1924. /. A. M. A., 84: 947, 1925. 
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or the lobe o£ the ear. The lobe o£ the ear is less sensitive and the pa- 
tient cannot see the manipulation. In a dog the blood can be taken 
from a razor cut on the margin of the ear; in a rabbit a slight cut over 
one of the ear veins will give sufficient blood; in a mouse the tip of the 
tail may be cut off and in a rat a slight cut in the tail may be used. 
In the guinea pig, blood may be obtained from a cut in the ear. 

The place may be rubbed lightly with yo per cent alcohol and the 
alcohol allowed ito evaporate completely. The blood lancet should be 
sterile and free ftom old clots of blood, as these tend to make the instru- 
ment appear dull. If the instrument is chisel shaped and has a wide 
sharp point, a free flow of blood is obtained with the least possible 
manipulation. 

The bottle of diluting solution should be open and easily available 
so that no time will be lost. The mouth piece of the pipette is held in 
the mouth and the lancet is plunged into the skin. The blood must 
flow freely. The first drop of blood is usually wiped away and with the 
least possible pressure a second drop is allowed to form. When a drop 
about 3 mm. in diameter has accumulated, the tip of the pipette, which 
must be chemically clean and absolutely dry, should be touched to it 
and the blood drawn up to the mark 0.5. If the blood is very dilute, as 
in a patient with profound anemia, the blood may be drawn up to the 
1.0 mark. This will mean that after the final mixing it will be diluted 
i to 100 instead of 1 to 200. This must be taken into account in making 
the final calculation. The pipette should be held at about 45° with the 
point downward. Gi'eat care should be used to have the blood reach the 
exact line. Excess blood is wiped from the tip of the pipette and with 
the pressure maintained by holding the cheeks steady, the tip of the 
pipette is put into the diluting solution. By suction the solution is drawn 
up and the pipette is snapped with the finger once or twice to release 
the glass bead which sometimes adheres to the wall and retains an 
air bubble beneath it. The diluted fluid is drawn up to the mark 101, 
the pipette is withdrawn from the solution and the finger is immediately 
placed over the tip. The mouth piece is then removed from the mouth 
and the pipette is shaken for at least three minutes. The pipette should 
be shaken in such a way that all the blood will be thoroughly mixed. 

A simple revolving in one direction or shaking in the longitudinal 
axis is usually not sufficient to include the blood which is held in the 
capillary ends of the diluting chamber, and motion should preferably 
be in several directions. Automatic shakers have been described. The 
suspension should be absolutely uniform with no visible clots. If the 
process is delayed at any stage or the manipulation is not rapidly per- 
formed, the blood may clot. The hemacytometer slide should be ready 
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so that the drop of diluted blood can be put under the cover glass. The 
cover glass and slide must be grease-free. As with the pipettes, the slides 
and covers should be of known accuracy, preferably with a U. S. Bureau 
of Standards certificate. These are best cleaned with a little alcohol, 
acetone or ether. If the slide is of the old type and has balsam under- 
neath the ruled surfaces, these solvents can be used only on the cover 
glass. There are two kinds of hemacytometer slides in use, those with a 
round moat and round table which are filled before the cover glass is 
put on, and those with a rectangular table which are filled after the 

cover glass is put on. The latter type of slide is of two kinds, one with 

smooth glass ridges to support the cover glass and one with ground 
glass ridges. When a smooth glass type is used the cover glass is placed 
on the ridges and slight pressure exerted until Newton's colored rings 
(rainbow effect) can be seen where the glass surfaces come in contact. 
With the ground glass type the cover glass is merely put into place. 
Some workers place a microscopic drop of water on the ground glass 
surface to hold the cover glass in place. This should never be large 

enough to spread over the entire surface. When a cover glass which has 

been checked by the Bureau of Standards is used, the mark etched in 
the glass should be on the upper surface. Great care should be used not 
to disturb the cover glasses after they are once in position. Some types 
of hemacytometer slides are provided with clips to hold the cover glass 
in place. The pipette with the diluted blood is well shaken and if it has 
been allowed to stand any length of time, it should be shaken at least 
three minutes before it is used. After the blood is thoroughly mixed, one 
or two drops of solution are blown out to expel the portion which has 
been in the capillary part of the pipette. The mouth piece is held in the 
mouth and a drop of blood is blown underneath the cover glass until 
the space above the table is filled. The drop must be put under the 
cover glass with one sweep and must not be allowed to proceed in little 
waves, as the distribution of cells will then be uneven. If bubbles form 
underneath the cover glass, it indicates that the glassware was not grease- 
free and the manipulations must be repeated after cleaning the slide and 
the cover glass. Then with slight suction any excess of fluid is quickly 
removed so that the side moats are not flooded. With the older type, 
round moat slides, a drop, the size of which is determined by trial, is 
put on the top of the table and the cover glass is placed over this. This 
second type has the advantage that with it evaporation is prevented, but 
the rectangular type is more easily filled. 

The cells are allowed to settle for at least two minutes and then are 
counted. The low power objective (16 mm.) and No. 10 ocular are used 
for counting. If one is not familiar with the appearance of the cells he 
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may use the 4 mm. objective (high-dry). The slide is moved until the 
smallest squares are in the field. Some slides are provided with a deeply 
ruled groove which points to the fine rulings used in counting the cells. 
This is of aid to some in finding the area to be counted. Great care 
must be used to have the slide absolutely level while the cells are set- 
tling and the slide must never be jarred or the cover glass moved after 
the blood suspension has been placed on the slide. 

In counting the cells each worker should adopt some system with 
reference to the cells falling on lines so that no duplication will be 
made in the counting. Probably the simplest method is to include all 
cells falling on lines above and to the left of a square in the total count 
for that square, and to reject all cells falling on the line to the right 
and at the bottom of the square, as these will be included when the 
other squares are counted. Squares may be counted in blocks of 25 
(5 X 5) or in blocks of 16 (4X4) and blocks may be selected running 
across or diagonally down the field. In some types of ruling, the blocks 
are separated, for convenience in counting, by double or triple ruled 
lines on the edges of the blocks. In others, a single line is ruled through 
the middle of the set of small squares which form the border of the 
blocks. In the former type of ruling, the double or triple ruled lines 
should be regarded as a single line in allocating the corpuscles which 
touch them. In the second type of ruling the line does not form a 
boundary in itself, and therefore does not enter as a factor when the 
cells on the edge are counted. 

Automatic tally counters are sometimes of help in enumerating the 
cells. 

Each of the smallest squares in the center of the ruled area measures 
sq. mm. in area and is mm. deep. Under ideal conditions the 
cells which have sedimented in 400 of these squares should be counted, 
representing a volume of 1 sq. mm. in area and mm. in depth. If 
the cells in any smaller number of squares are counted, calculation 
must be made to make up the total; thus if the cells of 100 small squares 
are counted the number obtained will have to be multiplied by 4 to 
obtain the number in a square millimeter area. The greater the number 
of squares counted, the less the inaccuracy. In a specimen of normal 
blood with an average of 5,000,000 cells per cubic millimeter, 100 of the 
smallest scpiares will contain 625 cells, if the dilution is 1 to 200. Care 
should be taken to exclude the white blood corpuscles in counting the 
red cells. The former can be recognized easily by their difference in re- 
fractivity. Occasionally a few are counted with the red cells, producing 
a small error in the final calculation. 
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An example of a blood count is as follows: 

Number of red cells in lOo small squares = 625. 

Since there are 400 squares in 1 sq. mm., this number must be multiplied by 
4 to obtain the number in a square millimeter. As the column of fluid is Yw mm. 
deep, to obtain the number in a cubic millimeter this number must be multi- 
plied by 10. Since the dilution was 14 unit of blood diluted to 101 units, the 
suspension of corpuscles was Y20Q the concentration of the original blood. There- 
fore, the number of cells in %o cu. mm, of the diluted suspension multiplied by 
200 will give the number of cells per cubic millimeter of blood. 

625 X 4 X to X 200 = 5,000,000 red blood corpuscles per cubic millimeter of 
whole blood. 

The chief sources of error are improper measurements in making the 
dilutions and unequal distribution of cells on the hemacytometer; the 
latter may be prevented to some extent by thoroughly mixing the blood 
suspension before it is put on the hemacytometer slide, by allowing the 
blood to rush under the cover glass with one sweep instead of little 
waves, by using great care to prevent jarring of the slide or movement 
of the cover glass, and by having the cover glass and slide absolutely 
grease-free. An experienced operator usually must count on an average 
error of =^5 per cent in his red cell counts, which would mean that 
counts which vary by 250,000 when the absolute count is around 5,000,- 

000 can be considered identical. When the double type of hemacytometer 
is used, the count can easily be made in duplicate. If a pipette with the 
diluted blood has stood for some time and is reshaken, the counts are not 
quite as accurate as when the freshly made suspension is used. 

The pipette should be cleaned at once, using water to wash out the 
blood, then alcohol and finally ether. The alcohol and ether should be 
sucked through. A hand bulb or a suction apparatus may be used. It is 
well to have a horse hair as part of the equipment to clean out particles 
which become adherent to the inside of the tube. If the blood coagulates 
in the pipette, it should be cleaned out at once. If particles adhere to the 
sides of the tube they may be digested with an acid solution of pepsin. 
The slide and cover glass should be washed with water and the ruled 
area should be carefully dried with soft lens paper. 

II. Method of Counting White Blood Cells 

1. Apparatus and Materials. The method is similar to that used 
in making a red blcx)d cell count, but as a diluting solution fresh 1 per 
cent acetic acid is used. The pipette is calibrated so that a dilution of 

1 to 10 or 1 to 20 may be obtained. 

2. Technique. The blood is collected and drawn into the white 
blood cell counting pipette to the 0.5 mark for ordinary blood and to 
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the 1.0 mark when the white count is very low. The diluting solution is 
then drawn in until the mixture reaches the ii.o mark, using the same 
technique as with the red blood cells (q. v.) . The same precautions are 
used in mixing and in placing the mixture on the slide. The cells in 
each of the four corners of the ruled area are counted. With the ordinary 
ruling, 1 sq. mm. just fits into the low power field (i6 mm. objective, 
No. 10 ocular) . With the usual rulings this space is divided into sixteen 
squares. The cells in a minimum of 4 sq. mm. should be counted for 
each enumeration. Those cells falling on the lines which form the left 
border and the upper border of the field should be included with the 
cells in that area. Those falling on the lines which form the right border 
and the lower border should be included with the other squares. 

The calculations are as follows: 

Number of cells in each square millimeter area multiplied by 10 
gives the number of cells in a cubic millimeter; multiplied by the dilu- 
tion 20, when the blood is drawn to the 0.5 mark and by 10 when the 
blood is drawn to the 1.0 mark, gives the number of cells per cubic 
millimeter of the undiluted blood. 

Example: ' 

Number of cells per square millimeter, 45. 

Dilution 20 times. 

45 X 10 X 20 = 9000 white blood cells per cubic millimeter of whole blood. 

3. Citrate Method (Osgood).^ Blood is drawn from a vein into a 
dry 10 c.c. syringe and discharged into a test tube containing 2 mg. of 
dry potassium oxalate for each cubic centimeter of blood. Mix thor- 
oughly. This blood may be used within one hour for platelet counts or 
a differential smear; within three hours for red-blood-cell volume, perox- 
idase test, fragility test or sedimentation rate; within four hours for 
the icterus index and Van den Bergh test; and twenty-four hours for 
the hemoglobin estimation, red-blood-cell and leucocyte count. Extreme 
care must be used to prevent evaporation (the test tube must be corked 
tightly) and to insure thorough re-mixing after being allowed to stand. 

III. Methods of Counting Blood Platelets 

I. Methods of Ottenberg and Rosenthal, Wright and Kinnicutt, 
Rees and Ecker, and Kristenson.® Using the technique described 

* Osgood, E. E., Haskins, H. D., and Trotman, F. E. /. Lab. & Clin. Med., vol. 16: 

1930-31- 

'’Ottenberg, R., and Rosenthal, N. /. A. M. A., 69: 999, 1917. 

Wright, J. H., and Kinnicutt, R. J. A. M. A., 56: 1457, 1911, 

Rees, H. M., and Ecker, E. E. J. A M. A., to: 621, 1923. 

Kristenson, A. Acta Med. Scandinav., 57: 301, 1922. 
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under "Gounting Red Blood Cells” (p. 287) and with all the glassware 
chemically clean, the blood is drawn from a freely flowing drop to the 
KO mark in a red blood counting pipette and as a diluting solution the 
sodium citrate solution of Ottenberg and Rosenthal, or the solution of 
Wright and Kinnicutt or Rees and Ecker or of Kristenson may be used. 
The diluting solution (freshly filtered) and the blood are drawn up to 
the 101 mark. The blood is thoroughly mixed in the pipette and one 
or two drops are blown out and discarded. A drop of the diluted mixture 
is then allowed to run underneath the cover glass of a hemacytometer 
slide. This is covered with a small glass or bell jar to prevent evapora- 
tion and allowed to stand for ten minutes. If desired, the preparations 
(except those with the Wright and Kinnicutt and Kristenson solutions, 
which hemolyze the red blood cells) may be used during this time to 
make a red blood cell count. The platelets are counted under the high 
dry objective. The normal counts with these methods vary from 200,000 
to 400,000. The calculations are the same as those for a red blood cell 
count (q. V.) the dilution being 100 times instead of 200. 

Example: 

Number of platelets in 1 sq. mm. area (400 of the small squares) %o mm. 
deep, 250 

In 1 cu. mm. 10 X 250 = 2500 
Dilution 100 times 

2500 X 100 = 250,000 per cubic millimeter of blood. 

2. Method of Buckman and Hallisey.^* Venous blood is drawn into 
a paraffined tube. The blood is then drawn into a red blood counting 
pipette to the 0.5 mark and the special diluting solution of Buckman 
and Hallisey is drawn in until the mixture reaches the 101 mark. The 
pipette is shaken for three minutes and after blowing out and discarding 
a few drops, some of the suspension is put under the cover glass of a 
hemacytometer slide. After allowing three minutes for the cells to 
settle, a red blood cell count is made in the usual way. (See p. 287, 
Method of Counting Red Blood Cells.) In five minutes a white blood 
cell count may be made from the preparation. After twenty minutes 
the platelets are counted, using the high dry objective. Cells in 4 square 
millimeters are counted. The calculations are as given under Method 
of Counting Red Blood Cells (p, 287) . With this method counts may be 
made as long as four hours after the specimen is taken. The normal 
counts vary from 246,000 to 528,000 platelets per cubic millimeter, with 
an average of 284,000 per cubic millimeter. The platelets appear as dis- 
crete, uniformly distributed, pale blue, oval bodies about % to % the 

•Buckman, T. E., and Hallisey, J. E, /. A. M. A., ^6: 427, 1921. 
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size of normal red blood cells. The cytoplasm of the cells appears finely 
granular and the periphery of the platelets slightly irregular. 

3. Method o£ Pratt.'^ A few cubic centimeters of the special di- 
luting solution of Pratt are placed in an absolutely grease-free watch 
glass. A drop of the fluid is taken up in a sterilized platinum loop (3 
mm. in diameter) and is brought into contact with a freshly flowing 
drop of blood from a puncture wound in the ear. There should be 
three or more parts of fluid to each part of blood. The mixture is 
placed on a grease-free slide and covered with a thin cover glass. If de- 
sired the dilution may be made on the slide. The mixture should be 
allowed to spread so that the red blood cells are well separated. It is 
best to make two preparations. The red blood cell count is made from 
another drop of blood in the usual way, using the standard methods 
for this purpose. (See p. 287, Method of Counting Red Blood Cells.) 
The ratio of the number of blood platelets to the number of red blood 
cells is calculated from an enumeration of both elements in the fresh 
preparation. The oil immersion lens is used. A diaphragm with square 
opening, placed in the ocular, or an Ehrlich eyepiece may help in 
making the count. From 250 to 500 red blood cells should be counted 
in two preparations. The normal platelet count with this method varies 
from 226,000 to 725,000, with an average of 469,000 per cubic millimeter 
of blood. 

4. Direct Method. Brilliant cresyl-blue solution is dried on cover 
glasses and blood films are made as in the method for staining red blood 
cells for reticulum (p. 319) . The platelets noted in counting from 1000 
to 5000 red blood cells are enumerated. Calculation: Number of platelets 
per 1000 red blood cells times the number of thousands of red blood 
cells per cubic millimeter found on making a red-blood-cell count from 
blood obtained at the same time that the film was made. At present this 
appears to be the simplest and most accurate of the methods for enu- 
merating blood platelets. The normal is from 250,000 to 500,000 per 
cubic millimeter. 

IV. Methods of Estimating Hemoglobin Percentage 

I. Sahli Method.® Into the graduated tube supplied with the Sahli 
apparatus, normal hydrochloric acid is placed until it reaches the 
mark 10. The blood is then drawn into the special hemoglobinometer 
pipette until the mark 20 cu. mm. is reached. A fairly large-sized drop 
of blood is needed. The tube is held vertically and the hemoglobinometer 

Pratt, J. H. J. A M. ^., 45: 1999, 1905. 

* Sahli, H. Diagnostic Methods. Edited by N. B. Potter, Phila., 1918, p, 749. 
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pipette is lowered into the tube until its tip is just beneath the surface 
of the hydrochloric acid. The blood is blown slowly into the solution 
until the pipette is practically empty. Then the hydrochloric acid is 
sucked up and gently blown out several times until all the blood is 
washed out. In this way bubbles are avoided and no blood is lost. At 
the end of exactly sixty seconds water is added and gently mixed with 
the blood and hydrochloric acid solution, using a fine, bead-tipped glass 
rod. Water is added drop by drop and the solutions mixed, and 
the color is compared with the standard tubes which accompany the 
apparatus. When enough water has been added to make the color of the 
blood mixture and that of the standard similar, the height of the column 
of fluid is read and the number is the percentage of the hemoglobin. 
The solid glass standard tubes have the advantage over liquid hematin 
hydrochloride suspensions inasmuch as the color of the latter tends to 
fade. The Sahli pipette is cleaned with water and then with alcohol and 
ether. In this method 100 per cent is equivalent to 14.0 or to 17.3 gm. 
of oxyhemoglobin per 100 c.c. of blood, depending on the standard used. 

2. Tallqvist Method. A drop of blood is taken up on the special 
blotting paper supplied with the Tallqvist books, which are on the 
market. After the drop of blood has just dried and the gloss is no longer 
visible, the blotting paper is bent so that there is a white sheet behind 
the drop of blood. With the paper in this position the blood stain is 
held opposite one of the holes in the color chart supplied with the book. 
The paper is then moved from hole to hole until the colors are matched. 
The reading then gives the percentage of hemoglobin. In this method, 
100 per cent is equivalent to 15.8 gm. per 100 c.c.‘ of blood. 

3. Dare Method. The blood is taken between two plates of the 

blood ‘‘pipette” which is supplied with the colorimeter. This is quickly 
transferred to the instrument so that the glass plate is toward the ob- 
server. A yellow light (either a candle or electric light) is used and the 
color is compared with the standard glass plate and the latter is moved 
until the c:olors, as seen through the eye piece, appear identical. The 
reading is then made on the wheel on the side of the machine, and this 
is taken as the percentage of hemoglobin. In this method, 100 per cent 
is equivalent to 13.77 depending on the standard 

used. 

4. Newcomer Method.^ A special hemoglobinometer, a modified 
Duboscq colorimeter, is used. The instrument has two cups, one filled 
with plain water and the other with the blood preparation. The latter is 
made by diluting 10 cu. mm. of blood drawn in a special pipette supplied 
ivith the apparatus, to 50 volumes, with 5 c.c. of 1 per cent hydrochloric 

® Newcomer, H, S, /. Biol, Chern., 55: 569, 1923. 
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acid. With this dilution readings down to 40 per cent hemoglobin may 
be obtained, but for lower values 20 cu. mm. of blood must be drawn 
into the pipette. The standard used for comparison is a piece of colored 
glass superimposed over the cup containing the plain water. The instru- 
ment is calibrated to read in percentage of hemoglobin when the color 
of the hematin-hydrochloric suspension is practically at its maximum 
depth. On this scale 100 per cent corresponds to 16.9s gm. of hemoglobin 
per 100 c.c. of whole blood. After the solution has stood for one-half 
hour, the readings are correct to within approximately 1 per cent. Read- 
ings made before this time must be corrected by the use of figures given 
in a table which accompanies the instrument. If the standard glass slip 
is not exactly 1 mm. in thickness, correction must be made for this from 
a table supplied with the instrument. 

5. Hemoglobin Determination. Osgood-Haskins Method.^^^ Ox- 
alated venous blood or blood from the tip of the ear or finger may be 
used. One cubic centimeter is measured into a 100 c.c. volumetric flask 
containing 40 c.c. distilled water, or a proportional fraction of each may 
be used (e.g., 0.05 c.c. in 5.45 c.c. water) . After laking, about 50 c.c. (or 
corresponding fraction of N/5 hydrochloric acid is added, and the mix- 
ture is diluted to the proper volume. Foam may be cut with a drop of 
ethyl alcohol. The solutions are mixed thoroughly, heated in a bath at 
55-60° for at least seven minutes and then allowed to cool. Instead of 
heating the solution, it may be allowed to stand for twenty-four hours. 
The solutions are compared in a colorimeter against a known acid- 
hematin standard or against a standard ferric sulphate-chromium sul- 
phate solution. Correction for the temperature of the standard solution 
is made from published tables if the inorganic standard has been used 
or for the reading at which the standard solution was calibrated, if the 
acid-hematin standard is used. In this method, 13.8 gm. per 100 c.c. 
equals 100 per cent. 

6. Haden-Hausser Method.^^ Two models of the special hemoglp- 
binometer are available, a laboratory and a clinical form. The principle 
is the same in both, but the following directions apply specifically to 
the 1935 clinical model. 

The comparator slide and cover glass are thoroughly cleaned with a 
strong (saturated) solution of sodium bicarbonate, followed by rinsing 
in running water and drying with a soft cloth. At all subsequent stages, 
care must be used to avoid getting grease on the glass surface. The 

Haskins, H. I)>, and Osgood, E. E. Northwest Med., 25: 500, 1926. 

Osgood, E. E., Haskins, H. D., and Trotman, F. E. /. Lab. & Clin. M^d., voL 16, 
1930-31. 

Haden, R. L. J. Lab. & Clin. Med., 16: 68, 1930-31; 18: 1062, 1932-33? vol. 20: 
i9S4’55- 
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cover glass is placed in position with its beveled side in contact with the 
comparator slide. The notch should be at the observer’s right, so as to 
coincide with the transverse depression in the comparator slide. The 
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Fig. 2. Comparator slide with cover glass in position. 

lower and left edges of the cover should be in contact with the corre- 
sponding walls of the metal frame encasing the slide. 

The blood is drawn from a freely flowing drop into a white blood 



Fig. 3. Method of filling comparator slide. 


cell counting pipette, up to the “0.5” mark. Special pipettes are avail- 
able. Hydrochloric acid (N/10) is drawn into the pipette until the mix- 
ture reaches the “2” mark. The pipette is then thoroughly shaken, and 



the contents of the capillary stem of the pipette are blown out. After 
thirty minutes (room temperature) the contents are allowed to flow 
under the cover glass by capillarity, filling the chamber.12 By trial, the 

a shorter time is desired, corrections must be made as follows: ten minutes, 
add 4 per cent to the reading in grams; fifteen minutes, add 3 per cent; twenty 
minutes, add 2 per cent. 
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colors are matched through the eyepiece. In the clinical model, daylight 
or Mazda electric light is used; in the laboratory model, a light accom- 
panies the machine. The amount of hemoglobin is read in grams per 
100 c.c.y interpolations being made between the printed figures when 
necessary. Haden's standard for normal with this method was 15.4 gm. 
per 100 c.c. blood corresponding to approximately 5,000,000 red blood 
cells per cubic millimeter in normal individuals. 

V. The Measure of Hemoglobin Percentage by Means of the 
Oxygen Combining Power of the Blood 

I. Method of Van Slyke and Stadie, Modified by Lundsgaard and 
Moller.^^ A Van Slyke gas apparatus is cleaned and filled with mercury. 
Distilled water, 6 c.c., is placed in the cup and 2 to 3 drops octyl alcohol 
and 0.3 c.c. of a 1 per cent solution of saponin in water are added. The 
upper stop-cock is opened and the solution drawn down into the appa- 
ratus so that the upper level of the solution is at the upper stop-cock. 
This stop-cock is then closed and the mercury lowered until its level is 
at the lower stop-cock. This will create a reduced pressure over the water- 
alcohol-saponin solution and some of the contained gases will be ex- 
tracted. The machine should be shaken to facilitate this process. The 
lower stop-cock is so turned that when the mercury is lowered still fur- 
ther the solution will run down into the lower bulb where it is trapped. 
By turning the lower stop-cock 180° the mercury is allowed to run up 
into the mixing bulb and capillary pipette. The air which is gathered 
above this is released through the upper stop-cock. The mercury is then 
lowered so that the capillary stem and mixing chamber are completely 
empty knd by turning the lower stop-cock 180® the water-alcohol-saponin 
solution is again allowed to run into the mixing bulb. The apparatus 
is thoroughly shaken. The solution is then run back into the lower bulb 
and the air which has been released from the liquid again trapped over 
the mercury and expelled through the upper stop-cock by allowing the 
mercury to fill the mixing bulb and capillary pipette. This process must 
be repeated several times until no more air can be withdrawn from the 
fluid. The fluid is then drawn into and trapped in the lower bulb, and 
the mixing blub and capillary pipette are filled with mercury. 

Blood, 5 to 10 c.c., is withdrawn from a vein and mixed with 0.1 c.c. 
of a 20 per cent solution of sodium citrate or 0.1 c.c. of a 2 per cent solu- 
tion of heparin in water. These will prevent coagulation. Blood, 3 to 5 

^Van Slyke, D. D. /. Biol. Chem., 53: 127, 1918. 

Van Slyke, D. D., and Stadie, W. C. /. Biol. Chem., 49: i, 1921. 

Lundsgaard, C., and Moller, E. J. Biol. Chem., 52: 377, 1922. 
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c.c., is placed in a separatory funnel and the funnel is rotated so that the 
blood forms a thin film on the sides. The upper stock-cock is removed 
occasionally to insure saturation of the blood with oxygen. The blood 
will usually be saturated after about two to three minutes' exposure in 
this way. Of the oxygenated blood, 2 c.c. are placed in the upper cup 
of the gas apparatus and 2 or 3 drops of octyl alcohol placed over it. 
The upper stop-cock is slowly opened and the mercury level lowered 
until the blood is entirely within the graduated capillary stem. The 
mercury can be lowered until some of the supernatant octyl alcohol also 
enters. Several drops of mercury are put in the cup and allowed to be 
sucked into the capillary of the npper stop-cock. The latter is tightly 
closed and the mercury lowered until its upper level is at that of the 
lower stop-cock. The stop-cock is then turned 180° so that the contained 
water-octyl-alcohol-saponin solution runs into the mixing chamber and 
mixes with the blood. The two are shaken together and after about 
one-half to one minute the blood is completely laked. The mercury is 
then allowed to run in through the lower stop-cock until the laked blood 
solution again fills the graduated capillary pipette. There will be a little 
gas over this solution. Of a 20 per cent air-free potassium ferricyanid solu- 
tion (which has been boiled and preserved under liquid petrolatum) 
o.i c.c. is carefully placed in the cup and by turning the upper stop-cock 
is allowed to run into the blood mixture without loss of the imprisoned 
air. The upper stock-cock is filled with mercury and the mercury level is 
lowered until it reaches that of the lower stop-cock. 

The blood mixture is thoroughly shaken for at least one minute. At 
this stage the oxygen is released from the hemoglobin. The blood mix- 
ture is then drawn into the lower bulb and the stop-cock turned 180° 
and the mercury allowed to fill the mixing bulb and the capillary pipette. 
The mercury bulb is held against the capillary pipette so that the level 
of the mercury in the bulb and the level of the mercury in the pipette 
are the same, A little fluid is usually imprisoned over the mercury. The 
top of this column is used as the meniscus in reading the height of the 
column of gas which partly fills the graduated capillary tube. This 
reading is noted. The mercury is then lowered until its level is that of 
the lower stop-cock. The blood mixture is then allowed to run into the 
mixing chamber and the shaking process repeated. It is then again im- 
prisoned in the lower bulb and mercury is allowed to fill the mixing bulb 
and the graduated capillary stem. After leveling the mercury bulb with 
the mercury in the capillary stem the reading of the meniscus above 
the fluid column above the mercury is again taken. The whole process 
should be repeated several times until this reading becomes constant. 
The amount of gas imprisoned represents the oxygen liberated from 
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the 2 c.c. of blood at the temperature and barometric pressure of the 
room. This gas contains the air which was mechanically dissolved by 
the blood as well as the oxygen which was held by the hemoglobin. 
From the table (Table 11) the amount of air physically dissolved by 
the blood may be obtained and this should be subtracted from the ob^ 
served reading. To obtain the hemoglobin percentage the corrected 
reading must then be multiplied by the factor given in Table n. With 
this method, 100 per cent is equivalent to 15.6 gm. of oxyhemoglobin 
per 100 c.c. of blood. 

The apparatus may be cleaned by washing repeatedly with 5 per cent 
ammonia water, followed by distilled water. 

Table i 


FACTORS FOR CORRECTION FOR BAROMETRIC PRESSURE 


Barometer 

1 0 

Barometer 

B 

760 

732 

0.963 

756 

0.995 

734 

0.966 

758 

0.997 

736 

0.968 

760 

I .000 

738 

0.971 

762 

1.003 

740 

0-974 

764 

1.006 

742 

0.976 

766 

I . 008 

744 

0.979 

768 

I.OIO 

746 

0.981 

770 

I.OI3 

748 

0.984 

772 

i.oi6 

750 

0.987 

774 

1 .018 

752 

0.989 

776 

1 .021 

754 

I 0.992 

778 

1 .024 


2. Manometric Method of Van Slyke and Neill.^^ The oxygen 
combining power of hemoglobin is determined by a manometric method, 
after release of oxygen from hemolysed blood (saponin) with potassium 
ferricyanide. For the details of manipulation and many sources of tech- 
nical error, together with the tables, it is advisable to consult the original 
article. A manometric method based on the carbon-monoxide combining 
power of hemoglobin may also be used.^® 

3. Hemoglobin : Photo-electrometer Method.^^ The amount of 
hemoglobin may be calculated from the readings on the ammeter of a 

Van Syke, D. D., and Neill, J. M. /. BioL Chem., 61: 554, 1924. 

^^Van Slyke, D, D., and Hiller, A. J: BioL Chem:, 78: 807, 1928. 

Kennedy, R. P. Am. J. Physiol., 79: 346, 1927. 

Sanford, A. H., and Sheard, C. /. Lah. & Clin. Med., 15: 483, 1929-30- 

Sunford, A. H., Sheard, C., and Osterberg, A. E. Am. J. Clin. Path., 3: 405, 

1953 * 
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Table n 


FACTORS FOR CALCULATING RESULTS FROM ANALYSIS OF 2 C.C. OF BLOOD 
SATURATED WITH AIR 


Room Temperature 

"G. 

Gas Physically Dissolved by 

2 C.C. of Blood. Subtract This 
Figure from the Observed 
Reading to Obtain Volume of 
Oxygen Liberated from the 
Hemoglobin 

C.C. 

Factor by Which the Corrected 
Gas Volume is Multiplied to 
Give Percentage of Hemoglo- 
bin. (20.9 Per Cent Oxygen 
Corresponds to lOO Per Cent 
Hemoglobin in This Table) 
Per Cent 




B * 

15 

0.037 


^ 760 

B * 

16 

0 . 036 


223 X 

B * 

17 

0 . 036 


B * 

18 

0-035 


X Wo 

B * 

19 

0.035 


220 X WW 

760 

B* 

20 

0.034 


218 X -w~ 

760 

B * 

21 

0.033 


= '7X^0 

^ B * 

22 

0.033 


B * 

23 

0.032 


B * 

24 

0 . 032 


B * 

25 

0.031 


B * 

26 

0.030 


212 X 

760 

B * 

27 

0.030 


B * 

28 

0 . 029 


^ B * 

29 

0.029 


208 X 

760 

B * 

30 

0.028 


207 


* B ~ Barometric reading. 


photo-electrometer. Tables and curves have been published to simplify 
the calculations. 

VI. Color Index 

The color index of the blood is the quotient obtained by dividing the 
percentage of hemoglobin (obtained from the readings of one of the 
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hemoglobinometers) by the percentage of red blood cells, considering 
5,000,000 per cubic millimeter as the normal (100 per cent) . Since the 
red blood cell count of a normal person may vary almost 2,000,000 per 
cu. mm. during the course of the dayi”^ and since the hemoglobin may 
vary from 15 per cent to 20 per cent during the same period, and con- 
sidering also that the percentage of hemoglobin and number of red 
blood corpuscles may be slightly lower in women than in men, the num- 
ber is more or less arbitrary and to be strictly accurate must be corrected 
for such factors as sex, age, standard of hemoglobinometer used, diurnal 
variation in the hemoglobin and red blood cell count. Under ideal condi- 
tions the index would be 1 ; when there is a great discrepancy between 
the number of red blood cells and the amount of hemoglobin, the index 
will be below 1 when the hemoglobin per se is deficient, and above 1 
when thei'e is more hemoglobin in each cell than normal. 

VII. Methods of Determining the Volume of Blood Cells 

1. Macro Method. Blood, 10 c.c., is added to a graduated centrifuge 
tube containing a few crystals of sodium citrate or oxalate, or 0. 1 c.c. of a 
2 per cent solution of heparin. The blood is mixed thoroughly and is 
centrifuged at 3000 revolutions per minute for thirty minutes. The vol- 
ume of corpuscles can then be read and the percentage obtained by 
multiplying by 10. 

2. Micro Method (Van Allen) . A drop of fresh blood from a lancet 
cut in the skin is drawn exactly to the top of the capillary part of the 
special hematocrit tube of Van Allen. Sodium oxalate solution (1.3 per 
cent) is then drawn into the tube until the bulb is about half filled. 
The bottom of the tube is closed with a rubber band or preferably a 
special clip which can be bought with the apparatus, and the tube is 
centrifuged for fifteen minutes at 2700 revolutions per minute. The rela- 
tive volume of corpuscles is read directly in percentage from the scale. 

3. Hematocrit (W'introbe).^® Venous blood is added to a test tube 
containing 10 mg. of dry neutral potassium oxalate^® per 5 c.c. of blood. 
After thorough mixing, blood is added to a special Wintrobe centrifuge 
tube to the “10” mark, using a filling pipette. This should be lowered 

Sabin, F. R., Cunningham, R. S., Doan, C. A., and Kindwall, J. A. Johns Hopkins 
Hosp,BulL,^f: 14, 1925. 

^Wintrobe, M. M. J. Lab. ir Clin. Med., 15: 287, 1929-30. Am. J. M. Sc., 185: 58, 
193S- 

^®This proportion of potassium oxalate causes a shrinkage of 8.15 per cent. The 
observed volume of packed cells must be multiplied by 1.09. Instead of this, a solution 
of ammonium oxalate 0.6 gm., potassium oxalate 0.4 gm. in 100 c.c. of water may be 
made and 1 c.c. dried in a test tube in an oven. This is sufficient for 5 c.c. of blood 
and the shrinkage is negligible. 
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^ the bottom of the tube and slowly withdrawn as the blood is added, 
rhe tube IS stoppered to prevent evaporation, and is centrifuged for at 
least 15 minutes at 3000 revolutions per minute. It may be necessary to 
centrifuge for 30 minutes to produce adequate packing of the cells. The 
number opposite the upper level of the cells (in millimeters) multiplied 
> 100 gives the percentage volume of the corpuscles.i 9 Normally it is 
about 42 per cent in women and 46 per cent in men. 

A more clear cut separation of the white corpuscles and platelets from 
te red blooc^ cells may be obtained if the tube is allowed to stand 

d^'n'^r^to ofthr' the sedimenta- 

tion rate of the corpuscles may be observed. 

VIII. Method of Obtaining Volume Indexes (Capps) 

The term “volume index" is used to express the quotient obtained bv 
dividing the percentage volume of red blood cells by the p r« 

IT ,1 "" rT blood cells i 

obtained by centrifuging whole blood either with or without an anti 

coagulant (before the blood has coagulated) in a hematocrit for three 
minute at about 800 to 1000 revolutions per minute. The volume of 
red blood cells in normal individuals is taken as 4.6 c.c. per 10 c.c of 
ood. 1 he formula for the volume index is: 

Volume of red blood cells 

divided by 

Number of red blo od cells 
5,000,000 


Formula: 


IX. Mean Corpuscular Volume^^ 


Qf corpuscles (c.c. per innn o ^ ) 

(inmiino^^ ~ number of cubic microns. 

anticoagulant The percentas-e v ^ shrinkage caused by the 

*»Hade„, R. L. Int. Med., 3.: 767, ^ ^ corpuscles ob- 
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tained by counting the cells in a part of the sample of venous blood be- 
fore it is centrifuged. In normal blood the average volume of a red blood 
cell is between 8o and 95 cubic microns. 

X. Mean Corpuscular Hemoglobin^^ 


Formula: 

Grams of hemoglobin calculated per 1 000 c.c. _ Mean corpuscular hemoglobin 
Red blood cells count, in millions per cu. mm. (in micro-micrograms). 

Normally the mean corpuscular hemoglobin varies from 254.5 34*7 

micro-micrograms (10-^2 ^ (average 28.7) in men, and 23.7 to 33.8 

(average 28.6) in women. 

XI. Mean Corpuscular Hemoglobin Concentration (Proportion o£ 
Hemoglobin in Red Blood Cell)^^ 


Formula: 

Grams of hemoglobin per 1 00 c.c. of blood _ Proportion of hemoglobin in , ’ 

Volume of corpuscles per 1 00 c.c. of whole blood cell in per cent. 

In normal men, the average is about 33.7 per cent (29.9-42.6 per 
cent) . In women the average is about 32.5 per cent (28.1-37.2 per cent) . 

XII. Saturation Index (Haden^^) 


Formula: 


Hemoglobin per cent 
Volume per cent 


= Saturation index. 


The hemoglobin per cent varies with age, sex and hemoglobin stand- 
ard. The volume per cent is the observed volume divided by the ideal 
average normal volume (42 per cent in women; 46 per cent in men) 
X 100. 


XIII. Method of Washing Red Blood Cells 

An anticoagulant (a few crystals of sodium citrate or oxalate or 0.1 
c.c. of a 2 per cent aqueous solution of heparin per 10 c.c. of blood) is 
added to a volume of blood and the red blood cells are sedimented by 
centrifugalization. The plasma is withdrawn with a pipette, and a physi- 

“^Wintrobe, M. M. Am, J. M. Sc., 177: 513, 1929. 

^ Wintrobe, M. M. /. Lab. & Clin. Med., ly: 899, 1931-32. 

-®Hadcn, R. L. Arch. Int. Med., 21: 765, 1923. 
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ologic .saline solution (0.85 to 0.75 per cent sodium chloride; Ringer s solu- 
tion; Locke’s solution; Tyrode’s solution, or their various modifications) 
is added to make the original volume. The corpuscles are mixed with the 
solution and re-sedimented by centrifugalization. The salt solution can 
be withdrawn and the process repeated several times. Usually g wash- 
ings are necessary to remove all traces of plasma. 

XIV. Method for the Determination of the Specific Gravity of the 

Blood 

1. Method of Hammerschlag. The simplest laboratory method for 
determining the specific gravity of whole blood is that of Hammer- 
schlag.-^ Mixtures of chloroform (sp. gr. 1.485) and benzol (sp. gr, 0.88) 
are made in a wide test tube. A drop of freshly drawn blood is allowed 
to fall into the mixture from a pipette held just over the surface of the 
liquid. If the drop remains stationary when suspended in the liquid, it is 
assumed that its specific gravity is the same as that of the liquid. If it 
sinks, it is heavier and more chloroform must be added and, after mix- 
ing, tile solution tested with a fresh drop of blood. If the drop remains 
on top it is lighter and more benzol must be added. After adding either 
the benzol or chloroform to change the specific gravity, the fluid must be 
stirred thoroughly. When the proper mixture is obtained, the specific 
gravity of the solution is determined by the use of a hydrometer. The spe- 
cific gravity of normal whole blood varies between 1.050 and 1.062. The 
specific gravity of plasma or serum (1.029 and 1.023) may be determined 
by the same method. The determinations must be carried on as rapidly as 
possible as the solvents used extract lecithin and cholesterol from the 
corpuscles and the red blood cells become distorted and hemolyzed. 

2. Method of Reznikoff.^^ The specific gravity of the red blood 
cells is best determined by the method of Reznikoff. 

Mixtures of benzyl benzoate (sp. gr. 1.115 at so^c.) and cottonseed 
oil (sp. gr. 0,920 at 2o^c.) are placed in separate test tubes, the first con- 
taining 5 parts each and the successive tubes containing less cottonseed 
oil, the last tube containing pure benzyl benzoate. These are arranged 
in a series of small Wassermann tubes, each containing 2 c.c. of the mix- 
ture, The range of specific gravity will be from 0.017 1.115. A varia- 

tion of 0.02 c.c. of either fluid will correspond to a change in the specific 
gravity of 0.002. The red cells are prepared by centrifugalizing de- 
fibrinated blood in small Wassermann tubes for fifteen minutes at 3600 
revolutions per minute. The plasma is carefully withdrawn with a 

"rHamnierschlag, A. Med., 20: 444, 1892, 

Reznikoff, P. J. Exper. Med., 38: 441, 1923. 
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pipette, leaving only the solidly packed red corpuscles. Sufficient blood 
can be obtained from a skin puncture in the ear or finger using a drop 
of 2 per cent heparin solution per i c.c. of blood as an anticoagulant. 
This can be centrifugalized in a small hematocrit tube and the cor- 
puscles withdrawn with a capillary pipette. Drops of this thick sediment 
are placed in the various tubes and in the tube where the corpuscle mass 
remains suspended in the liquid, not rising to the top or falling to the 
bottom, the specific gravity is about that of the red corpuscles. The 
blood should be added to the oil mixture from a fine capillary pipette, 
using a rubber bulb to express the contents, A small drop of blood 
should be squeezed out and allowed to hang on the end of the pipette. 
This should then be plunged into the oil solution until it reaches about 
the middle of the tube. The drop can then be dislodged and it will either 
remain stationary, rise or sink. The specific gravity of this solution can 
be determined by testing a solution of similar composition with a hy- 
drometer. The method is rapid and quite accurate for clinical purposes. 
The specific gravity of the normal red blood cells by this method varies 
from 1.092 to 1.094. 

XV. Method of Determining Resistance of Red Blood Cells to 
Hypotonic Salt Solutions 

The concentration of a solution of sodium chloride in which red 
blood corpuscles begin to hemolyze may be determined by the following 
method. 

In performing this test, whole blood or washed corpuscles may be 
used. The blood may be drawn from a vein, but at times sufficient blood 
may be obtained from a lancet wound in the ear or finger. The washing 
process, using Ringer’s solution or a similar physiologic solution, always 
alters the composition of the red blood cells. To wash the corpuscles, 
the sedimented cells, obtained by centrifugalization, are suspended in 
the washing solution and re-centrifugalized. This process may be re- 
peated one or two times. The red cells are also injured during the 
process of centrifugalization in separating the corpuscles from the plasma. 
Another modification is to centrifugalize whole blood to which an anti- 
coagulant has been added, and use the corpuscles without washing or 
other procedure. For comparative purposes the same method must always 
be used. When the whole blood is used, coagulation may be prevented by 
means of 0.1 c.c. of a 2 per cent aqueous solution of heparin per 10 c.c. 
of blood. The blood may be made into a 0.2 per cent solution of sodium 
citrate or oxalate by the addition of 0.2 gm. of either of these salts in 
powder or solution form to each 100 c.c. of blood or in this proportion. 
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For the salt solution, 1 gm. chemically pure, dry sodium chloride is dis- 
solved in sufficient chemically pure, neutral distilled water to make 100 
ex. The solution should have a hydrogen-ion concentration of pH 7.0. 
This is the stock solution. Small, chemically clean test tubes (about 
70 X mm.) are arranged in a rack and from two burettes salt solu- 
tion or neutral distilled water is added to the tubes in varying propor- 
tions. For the preliminary test the variations from tube to tube may be 
made by adding 1.4 cx. of salt solution and 0.6 c.c. of distilled water to 
the first tube, 1.2 c.c. of salt solution and 0.8 c.c. of the distilled water to 
the second tube, etc. This will give 2 c.c. of solution in each tube. The 
first tube will correspond to a 0.7 per cent sodium chloride solution, the 
second tube to a 0.6 per cent and so on. When the beginning point of 
hemolysis is determined, very fine gradations may be made in the strength 
of the salt solution between crucial points of beginning hemolysis and 
complete hemolysis. 

A drop of the whole blood or of the corpuscle suspension is added to 
each tube and thorough mixture obtained by stirring with a fine glass 
rod, or inverting the covered tubes. The solutions are placed in an ice 
box and allowed to stand until complete sedimentation of the red blood 
corpuscles has occurred. It is best to take the readings in about twelve 
hours and again in twenty-four hours. Several points are noted: first the 
strength of the salt solution in which the fivst trace of hemolysis (salt 
solution tinged with hemoglobin) is seen. A record is made of the first 
tube (highest concentration of salt solution) in which hemolysis is com- 
plete. In this tube the salt solution will be deeply red and no non- 
hemolyzed blood corpuscles will be seen macroscopically in the bottom 
of the tube. In health the minimum resistance (strength of solution in 
which first hemolysis is evident) is 0.47 and complete hemolysis is noted 
in the tube in which the strength of the salt solution is 0.50. 

As a control a specimen of normal blood should always be examined 
at the same time as the pathologic specimen. 

XVI. Method of Determining Resistance of Red Blood Cells 

to Heat 

I. Method of Isaacs, Brock and Minot.^® The blood is drawn from 
an arm vein and mixed with sufficient crystalline sodium citrate to make 
a 0.2 per cent solution. Blood films are then made on cover glasses on 
which brilliant cresyl blue has been dried. These are counterstained with 
Wright’s stain. These preparations are used to study the condition of 
the blood before it is subjected to heat. Blood, 1 c.c., is placed in a small 

Isaacs, R., Brock, B., and Minot, G. R. /. CUn. Invest., 1: 425, 1925. 
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test tube (70 X mm.) and this is suspended in a water bath at a tem- 
perature langing from 55° to 58 °c. The blood of a normal individual 
may be used as a control. The test tube remains in the water bath for 
thirty minutes. It is then gently shaken to mix the blood thoroughly 
and blood films are made on cover glasses on which brilliant cresyl blue 
has been dried. In blood treated by this method, the older red cells be- 
come fragmented and hemolyzed under these conditions, whereas those 
showing signs of youth and a few of those which appear to be adult, 
remain intact. The latter are probably the younger of the adult cells. 
In blood in which most of the cells are young (chronic hemolytic jaun- 
dice) the bulk of the cells remain intact. 

XVII. Methods of Determining the Sedimentation Rate of Red 
Blood Cells (Suspension-Stability) 

1. Method of Fahraeus.^^ Blood is taken from an arm vein and 
placed directly in test tubes 17 cm. in length and about 9 mm. in inner 
diameter. The tubes contain 2 c.c. of a 2 per cent sodium citrate solution. 
The blood is added until the contents reach the 10 c.c. mark. The ratio 
of citrate to blood is 1 to 4, and the height of the citrate blood mixture 
is about 150 mm. The tube is inverted several times to insure thorough 
mixture of the contents and is then allowed to stand in a vertical posi- 
tion. The height of the clear supernatant plasma layer is measured at the 
end of one hour. With this method the average is I/2 mm. per hour. 
During pregnancy the rate of settling of the corpuscles is more rapid, 
being on the average 44.9 mm. per hour. With this method, values higher 
than 9 mm. per hour for men and 12 mm. per hour for non-pregnant 
women are considered normal. 

2. Method of Linzenmeier.^^ Blood is drawn from a vein in a 
1 c.c. syringe and 0.8 c.c. placed in a special tube which contains 0.2 c.c. 
of a 5 per cent solution of sodium citrate. The tube measures 6i/^ cm. in 
length and the diameter is 5 mm. It is marked in two places; mark No. 1 
indicates a volume of i c.c. and mark No. 2 is 18 mm. lower. The tube 
is inverted twice to insure mixing and the time is noted. The time that 
it takes for the corpuscles to sink from the 1 c.c. mark to the 18 mm. 
mark is noted and is the time used for comparison with other bloods. 

3. Method of Zeckwer and Goodell.^® Of a 3 per cent sodium citrate 
solution 2 c.c. are placed in a 15 c.c. centrifuge tube graduated at 0.1 c.c. 
intervals. Blood from the patient's vein is put into the tube up to the 

Fahraeus, R. Acta Med, Scandinav., 55: 70, 195? i. 

^ Linzenmeier, G. Deutsche, med. Wchnschr., 1023, 1922. 

^Zeckwer, I. T., and Goodell, H. Am. L M. Sc., 169: 209, 1925. 
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!0 c.c. mark. The blood and the citrate are thoroughly mixed and the 
tube is allowed to stand in a vertical position. The time is then recorded. 
The height of the column of red cells is noted at the end of one hour. 
The height of the plasma may be obtained by subtracting the height 
of the red blood corpuscles from the total height of the column of liquid. 
If the height of the plasma is found to be slightly above or below the 
10 c.c. mark, the readings for the red blood cells must be corrected pro- 
portionately. Ill normal individuals the rate is 8.0 to 9.8 c.c. in the first 
hour. 

4. Method of Venous blood is placed in a test tube 10 cm. 

in length and 6 mm. in diameter. The tubes stand in a special rack at 
the back of which is a cardboard scale with a gradation from o to 100. 
The blood is drawn from a vein into a syringe which has been washed 
with a 3.8 per cent solution of sodium citrate and which contains 0.4 c.c. 
of this solution. Blood, 2 c.c., is drawn into the syringe and mixed with 
the citrate solution. Of the citrated blood 1.8 c.c. is introduced into the 
special test tube. Care must be used to avoid the introduction of bubbles 
of air. The tube is allowed to stand for one hour in a vertical position 
when the height of the column of plasma above the red corpuscles is 
measured. With this method the cells for normal men are from 1 to 4 
and for women 1 to 6. Figures up to 20 indicate a slight increase, up to 
40 a medium increase, and a great increase if above this number. The 
blood should be taken from the patient while he is fasting, 

5. Finger Puncture Method of Cutler.^^ Blood, 0.5 c.c., is ob- 
tained by the puncture of the palmar surface of a finger and is collected 
in a small test tube, the sides of which have been wet with a 3 per cent 
sodium citrate solution. The blood is drawn in a special pipette 2.5 mm. 
in internal diameter with a stem graduated in 50 mm. divisions. The 
capacity of the graduated portion of the pipette is less than 0.3 c.c. A 
Van Allen spring attachment is used for closing the bottom of the 
pipette after it is filled with blood. The pipette is placed upright in a 
sedimentation rack and the position of the upper level of the sedimen- 
tation column of red blood cells is recorded every five minutes for one 
hour. This may be plotted in a graphic way using the number of milli- 
meters as the abscissas and the time in minutes as the ordinates. If many 
specimens of blood are taken at one time, they may be set aside for 
several hours if necessary until it is convenient to start observations. 
When observations are to be begun the tubes are inverted several times 
until the corpuscles are uniformly distributed once more. 

Piney, A. Recent Advances in Hematology, Lend., 1927, p. 261. ' 

Cutler, B. I. Am. J, M. Sc., 178: 687, 1927. 
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6. Method of Plass and Rourke.^^ Blood (5 c.c.) is placed in a 
tube in which 0.1 c.c. of solution containing 1.5 mg. of heparin {75.0 mg. 
heparin per 5 c.c. distilled water) has been dried. After thorough mixing, 
the blood is allowed to stand for fifteen minutes (not more than three 
hours) to reach room temperature. It is then thoroughly mixed by tip- 
ping up and down for two to three minutes. With a fine pipette inserted 
to the bottom, blood is introduced into a special sedimentation tube to 
the mark ‘‘o.’' It is allowed to stand at room temperature for one hour 
and the length of the plasma column is recorded. The tube is then centri- 
fuged for twenty minutes at 2500 r.p.m. and the length of the plasma 
column is again noted. Calculations: Divide the number representing 
the millimeters of clear plasma obtained after one hour by the number 
obtained after centrifuging and multiply by 100. This gives the per cent 
of the observed settling of the total possible settling in one hour. 
The upper limit for normal women is 65 per cent and for normal men 
25 per cent. 

7. Method of Correcting Sedimentation Rate for Variations in 
Cell Volume Percentage of Blood. Rourke and Ernstene.^^ The 
blood is prepared according to the method of Plass and Rourke. 
Readings of the clear plasma column length are recorded and plotted 
as long as the rate of settling is a “straight line.” The number of milli- 
meters of fall of the blood-cell meniscus during the “straight line” 
period, divided by the number of minutes that elapsed during this fall, 
gives the number of millimeters per minute. By reference to the chart 
(Fig. 5) the sedimentation rate can then be corrected to a hematocrit 
volume of 45 per cent by finding the line on which the observed number 
of millimeters per minute and the observed hematocrit fall and tracing 
it to the 45 line (Fig. 5) . The normal limits of the “corrected sedimen- 
tation index” are 0.08 to 0.35 mm. per minute. 

XVIII. Methods of Measuring Red Blood Cells 

I. Ocular Micrometer. The magnification value of the lines en- 
graved in the ocular micrometer are determined by measuring lines, 
whose distance apart is known, on a stage micrometer. In the absence 
of the latter a hemacytometer slide may be used. A well fixed and stained 
blood film is placed on the stage of the microscope and the individual 
cells are viewed through the ocular micrometer. The slide is moved with 
the mechanical stage and as each cell falls under the micrometer rulings, 
it is measured. Usually one diameter is measured and the error caused 

Plass, E. D., and Rourke, M. D. J. CUn. Invest., 5: 531, 1928. 

Rourke, M. D., and Ernstene, A. C. /. Clin. Invest., 8: 545, 1930. 
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by this factor is compensated for if sufficient cells are measured. For ex- 
tremely careful work it would be necessary to measure both diameters 
of cells which are not round. A convenient method of recording the 
sizes is to check olf, on a piece of paper opposite a column of figures 
indicating the sizes, the number of each size of red cells. It is well to 
measure at least 200 red cells, preferably 500, for each determination. Sev- 
eral areas on the field should be selected. On a film made on a glass slide, 
there is a tendency for the larger red cells to be gathered at the end of 
the film. The size of the red cells must be calculated from the number 
of times the ocular magnifies objects on the stage. For example, if a 
given red cell is covered by five lines in the ocular micrometer and it 
has been found that five lines will cover 6/^ on the stage micrometer, 
then the size of the red cell measured will be S/x. If the tube length is 
changed between observations it is necessary to re-determine the magni- 
fication. The data may be plotted on cross section paper with the abscis- 
sas representing percentage and the ordinates representing the diameter 
of the red blood cells in micra. 

There are three general types of ocular micrometers: one with a 
fixed scale in which 5 or 10 mm. is ruled in 0.1 mm. divisions or 0.05 
mm. divisions. The second type is the movable scale micrometer which 
is ruled as in the first type but the scale can be moved by a screw at- 
tached to the side of the ocular. This has some advantage over the fixed 
scale inasmuch as a greater delicacy of movement can be obtained by 
adjusting the scale than by moving the mechanical stage of the micro- 
scope. The third type is the filar micrometer which combines a fixed 
scale and a movable line. The latter is a wire which can be moved across 
the field by means of a screw attached to an adjustable drum, the head 
of which is divided into fifty parts. This type of micrometer is used for 
very delicate measurements. For measurements of red blood cells it is 
too refined for clinical use. The ideal normal distribution of sizes is as 
follows: fi-Oju, 6.25 per cent; 6.7 5|u., 25.0 per cent; 7.5^, 37.5 per cent; 
8.25/x, 25.0 per cent; 9.0^, 6.25 per cent. 

2. Projection Method of Measuring Red Blood Cells. The red 
blood cells may be drawn on a piece of paper using the camera lucida 
and the magnification obtained by drawing under exactly similar condi- 
tions the lines of a micrometer slide. Another method is to project the 
image of the cells on a screen, using a projection microscope, and 
measure the cells in a similar way. 

3. Photographic Method of Ponder and Millar This method 
is adapted for either fixed films or fresh blood. The blood is photo- 

Ponder, E., and Millar, C. K. Quart. J. Exper. Physiol., 9: 67, 1924. 

Dryerre, N. B., Millar, C. K., and Ponder, E. Quart. J. Exper. Physiol, 16; 69, 

1926. 
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graphed, using a condenser working at n.a. =1 with an objective at 
N.A. - 1.3. A blue light from a “Point-o-light” is used. Magnification is 
determined by photographing a calibrated stage micrometer at the be- 
ginning and at the end of the observations. The fixed blood film or the 
slide containing living blood cells under a coverslip sealed with petro- 
latum is photographed and the cells are measured on the developed 
plate. Care should be taken to secure cells which are not crenated or 
injured. Preparations in which there is rouleaux-formation are not 
suitable. A minimum of 100 cells should be measured, preferably 500 
cells, although the probable error of the mean in the former case is only 
about twice as great as in the latter case, and with careful measure- 
ments this error is far less than the experimental error. The average 
number of cells per plate is about 10, so that numerous plates must be 
taken from different parts of the field. The cells are measured with a 
calibrated scale, divided into 0.1 mm., each cell being examined under 
a low power microscope. 

4. Diffraction Method (Pijper).^'"' The diffraction micrometers of 
Emmons (eriometer) or Eve (halometer) or a similar mechanism may 
be used. A smooth, non-stained blood film on a cover glass or slide is 
required. The film is placed in the instrument and the source of light 
is viewed through the blood. The edges of the cells diffract the rays, 
producing a set of circular concentric spectra. The portion of the yellow 
band is observed (or calculated from the position of the red band) in 
relation to a fixed point. The average size of the red blood cells can 
then be read from calibrations on the instrument, or calculated from the 
data given in published curves or tables. 


XIX. Methods of Studying Hemagglutination and Hemolysis of 

Blood Cells 

I. Classification and Nomenclature of Blood Groups in Man. 

Several methods of naming the blood groups appear in the literature. 

The method of Jansky^^ has been accepted because of priority. This 
is as follows: 

. Group I. Serum agglutinates cells ii, Tii and iv; cells are not agglutinable. 

Group n. Serum agglutinates cells ni and iv; cells are agglutinated by serums 
i and III. 

®‘M^ijper, A. J. Path. & Bad., 34: 771, 1931, 

Popdcr, E. Brit. J. Exp. Biol., 6: 427, 1929. 

Eve, F. C:. Lancet, i; 1070, 1928. 

Emmons. W. F., Qjiart. J. Meet., 21: 83, 1927. 

•‘‘“ Jansky, J. Haematol, studie u. psychotku, Sbornik KUnkky, 8: 85, 1907. 
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Group in. Serum agglutinates cells n and iv; cells are agglutinated by serums 
I and II. 

Group IV. Serum agglutinates no cells; cells are agglutinated by serums i, ii 
and HI. 

Or graphically: 

Corpuscles Serum 


I 

II 

m 

IV' 

+ 

— 

+ 

— 

+ 

4- 

- 



+ 

+ 

- 


4- = agglutination 
— = no agglutination. 

The method of Mos^’^ is as follows: 

Group I. Serum is non-agglutinative; cells are agglutinated by serums ii, iii 
and IV. 

Group II. Serum agglutinates cells i and iii; cells are agglutinated by serums 
HI and IV. 

Group III. Serum agglutinates cells i and 11; cells are agglutinated by serums 
n and iv. 

Group IV. Serum agglutinates cells i, ii and iii; cells are non-agglutinable. 


Corpuscles Serum 

l ll III IV 

t. + + + 

n ~ - + -f 

m -■ + - -h 

IV — — — — 


Group I of Jansky corresponds to Group iv of Moss and Group iv of Jansky 
corresponds to Group i of Moss. 

To avoid the error which may come from the numbers when the 
classification is not specified, it has been proposed^^ that the different 
groups be designated by the letters o, a, b and ab in place of Groups i, 
II, in and iv of the Jansky classification and Groups iv, ii, in and i of 
the Moss system. 

2. Method of Determining the Group to Which an Individual’s 
Blood Corpuscles Belong. (Clinical) . Two stock serums which are 
sterile and have been kept in a cool place are needed. These are Groups 
n and m. Blood is drawn from the person to be tested, either from a 
vein or from a needle puncture of the skin of the finger or ear. Coagula- 
tion is prevented by means of sodium citrate (1 c.c. of a 20 per cent 
aqueous solution for 10 c.c. of blood, or 0.1 c.c. of a 20 per cent acjueous 
solution of heparin) . Two separate drops of blood are placed on a slide 

Moss, W. L, Bull. Johns Hopkins Hasp., 21: 63, 1910, 

Moss, \'V^. L, /. A. M. A., 88: 1921, 1927. 
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and a drop of Group ii serum is added to one drop of blood and a drop 
of Group III serum is added to the other drop. These are stirred sep- 
arately and a piece of broken cover glass is placed on the side of each 
drop. Over this a grease-free cover glass is placed. This may be sealed 
with petrolatum or covered with a bell jar to prevent evaporation. The 
preparation should be examined during the next half hour to note if 
the cells are uniformly distributed or if they have become clumped into 
irregular masses. They sometimes become clumped into rouleaux-forma- 
tions but this does not constitute agglutination for the purposes of 
this test. If there is no agglutination in either preparation during the 
course of an hour, the blood is Group i (Jansky) . If both preparations 
show agglutination the blood is Group iv (Jansky) . If only the one 
with Group n serum shows agglutination then the blood is Group in, 
whereas if only the one with Group in serum shows agglutination the 
blood is Group ii. Agglutination is best observed under the low power 
of the microscope. When it is very marked it can easily be seen macro- 
scopically. When much blood and serum are available the test may be 
carried out in a small test tube, using 0.5 c.c. of the serum and 0.5 c.c. 
of whole blood or a 5 per cent corpuscle suspension in a physiological 
saline solution. 

3. Method of Determining Blood Group When Only Blood of 
Group II (Jansky) or of Group III (Jansky) is Available."^'^ Blood 
is drawn from the individual to be tested and from an individual of 
Group II or Group in; some is allowed to clot so that the serum may 
be obtained and part is collected with sodium oxalate or citrate (final 
concentration 0.2 per cent of the anticoagulant) and the corpuscles 
separated from the plasma. On hollow ground slips or under cover 
glasses supported by pieces of broken cover glass, serum of the indi- 
vidual to be tested is mixed with corpuscles of the known individual, 
and corpuscles of the individual to be tested are mixed with serum of 
the known individual. When the known individual is of Group ii the 
following table indicates the group to which the unknown individual 
belongs (Jansky classification) . 


Serum 

i 

Red Blood Corpuscles 


Result 

Group rr 

Unknown 

+ 

0 -f 0 

Unknown i 

Grbup n 

0 

0 -f + 


Unknown is Group i n in iv 


W. V. 7. . 4 . M. ^., 66: 190,1916. 

Guthrie, C. G., and Huck, J, G. Johns Hopkhis Hosp. Bull., 34: 37, 1923. 
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When the known individual belongs to Group iii the following 
table indicates the Jansky group to which the unknown individual 
belongs. 


Serum 

Red Blood Corpuscles 

Result 

Group III 

' 

Unknown 

+ 

+ 

0 

0 

Unknown 

Group m 

0 

+ 

0 

+ 

Unknown is Group 

I 

II 

III 1 

1 

1 

IV 


Individuals are occasionally found whose blood does not conform to 
any of the four groups.^^ 

4. Quantitative Measurement of Hemagglutination and Hemoly- 
sis.^^ A drop of blood is drawn to the 0.5 mark in a leucocyte count- 
ing pipette and a sterile 0.85 per cent sodium chloride, 0.2 per cent 
sodium citrate solution is drawn in until the mixture reaches the 11.0 
mark. The pipette is thoroughly shaken. A drop of the mixture is ex- 
pelled and the rest is blown into a small test tube or vial containing a 
glass bead. This gives a dilution of 20 times. All glassware must be 
chemically clean. The freshly shaken mixture is then drawn up to the 
0.2 mark of an accurately graduated red counting pipette and agglu- 
tinating serum is drawn in until the mixture reaches the 1.0 mark. The 
fluid is not allowed to run up into the mixing chamber of the pipette 
but is expelled onto a round moat type of hemacytometer slide and is 
thoroughly stirred with a glass rod, using care not to scratch the ruled 
surface. This is covered with a grease-free cover glass. To prevent 
evaporation the slide is placed in a level-bottomed Petri dish which 
contains a watch glass with water. This may be kept in an ice box or at 
room temperature. The number of non-agglutinated cells on the hema- 
cytometer slide may be counted at intervals, using the high power dry 
objective. From these observations the rate of hemagglutination and of 
hemolysis per hour can be measured. With this method the maximum 
agglutination in human blood is reached in twenty-four hours at from 
i8°c. to 20° G. In dogs’ blood the maximum is reached in two to four 
hours. Before the agglutination starts, a red blood cell count may be 
made from the preparation. 

5. Method of Comparing Two Bloods to See if They are Com- 

Ciuthric, C. G., and Huck, J. G. Johns Hopkins Hosp. Bull., 34' 37* 80; 128, 

*923* 

■^Msaacs, R. J. /mmnno/., 9: 95, 1924. 
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patible.'^- Sodium oxalate solution, 20 per cent is drawn to the 1.0 
mark of white blood counting pipette. Blood is then sucked in to the 
i.o mark, displacing the oxalate solution. The pipette is then filled to 
the n.o mark with normal saline. The mixture is then blown out into 
a small test tube. Blood is collected in this manner from both of the 
individuals to be compared. With a pipette (e. g., a white blood count- 
ing pipette or a fine glass tube) the following mixtures are made in a 
hollow ground slide, or on an ordinary glass slip which has been ringed 
with petrolatum. 

3 drops from the first individual and 3 drops from the second individual. 

2 drops from the first individual and 4 drops from the second individual, 

4 drops from the first individual and 2 drops from the second individual. 

These 3 dilutions may be made in duplicate. The contents of the 

drops are mixed with a fine glass rod and the drops are covered with a 
cover glass to prevent evaporation. After fifteen to thirty minutes the 
blood mixtures are examined for agglutination. An even distribution of 
the cells in all the mixtures means that the bloods are perfectly com- 
patible. If the red cells are clumped in all the mixtures, the individuals 
are not compatible. If the red cells are clumped only in dilutions No. 1 
and No. 2 and very few are clumped in dilution No. 3, then individual 
No. 2 may be used as a donor in transfusions in case of necessity, as this 
dilution represents a condition in which the bulk of the solution would 
correspond to the recipient's serum, and the lesser amount to the donor’s 
blood. Such a condition would correspond to the giving of Group i 
(Jansky) blood to a patient who belongs to either Group ii, iii or iv. 

XX, Method of Studying Sickling of Red Blood Cells^'"* 

Fresh preparations of blood are made by bringing a clean cover slip 
in contact with a drop of blood from the finger tip or ear and mounting 
the preparations immediately on a glass slip. The edges are sealed with 
petroleum jelly. After standing fpr six hours, about of the cells will 
have developed the ‘"sickle” shape or will have assumed other bizarre 
forms with long thread-like processes extending from the cells. After 
three days to six weeks the cells will re-assume the spherical form. In 
preparations from patients with mild symptoms 75 per cent of the cells 
assume the odd forms and in those from patients without symptoms 
25 per cent take on the abnormal shapes. For this test, washed corpuscles 

^-Isaacs, R. Manual of Clinical and Laboratory Technic, Ed. 3, Cincinnati, 1927, 
P- 53- 

Huck. J* CL Johns Hopkins Hasp, 34: 335, 1923. 
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suspended in physiological salt solution may be used or whole blood 
which has been oxalated. The results are the same in both cases. Several 
slide preparations should be made, as occasionally the sickling will fail 
to appear in one preparation. It may be well to try some preparations 
having one edge of the cover glass raised by a broken cover slip. This 
will give layers of blood cells of different thicknesses. If the cover glass 
is removed after the sickling has appeared, most of the cells assume the 
round form. 

XXL Methods o£ Demonstrating Special Features of Structures in 

Red Blood Cells 

I. Staining Red Blood Cells for Reticulum. (Permanent Prepara- 
tions.) The cover glasses are prepared as given in the technique for 
Wright’s stain. A solution of brilliant cresyl blue (0.3 per cent) in 95 
per cent alcohol (filtered) is allowed to dry on some of the cover 
glasses. A convenient way of applying the cresyl blue is to dip an ordi- 
nary microscope slip into the cresyl blue solution and stroke it across the 
cover glass and the cresyl blue will dry as an even film. The cover 
glass can then be polished in the usual way, using less pressure than 
when there is no stain on it. Blood is drawn from the finger tip as pre- 
viously outlined and a drop about 2 mm. in diameter is taken on one 
end of a fresh cover glass. The edge of this cover glass is brought into 
contact with a cover glass on which cresyl blue has been dried, and the 
glasses are separated, and brought together in hinge fashion to mix 
the cresyl blue with the blood. The cover glasses are then allowed to 
touch and after the blood has spread they are rapidly drawn apart. 
After the films have dried they are counterstained with Wright’s stain, 
using the usual technique. In the final washing the process is not as 
prolonged as with the Wright stain only, as some of the cresyl blue may 
be dissolved out of the cells. 

With this stain the red cells appear as with the usual Wright’s stain 
technique but the reticulated cells show a blue precipitate of different 
patterns, depending upon the concentration of the so-called reticulum 
substances in the cells. 

Reticulocyte Staining; Method of Osgood and Wilhelm.^® In 
a small test tube, 5 drops of oxalated venous or capillary blood are 
mixed with 1 per cent brilliant cresyl blue in 0.85 per cent sodium 
chloride solution. After one minute, thin films are made and dried in 
air. These films may be used within twenty-four hours for counting the 

Cunningham, J. H. Arch. Iht. Med., 26: 405, 1920. 

Osgood, E. E,, and Wilhelm, M. M. J: Lab. if Clin. Med., 19: 1129, 1933-34. 
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relative percentage of reticulocytes, or they may be counterstained with 
Wright’s stain, and permanent mounts made. All red cells and reticulo- 
cytes in adjacent fields (500 to 1000) are counted and the percentage of 
reticulocytes is noted. 

2. Criteria for Determining the Relative Amount of Hemoglobin 
in the Cells Using a Stained Blood Film. In a film stained with 
Wright’s stain, the amount of red in the nuclei of the white blood cells 
is noted. If the red blood cells are faintly stained while the white cells 
have taken up a considerable amount of the eosin element of the stain, 
the red blood cells are hypochromic. If they have taken up a very great 
amount comparatively, they are hyperchromic. The normal condition, 
orthochrornic, is best determined by the study of the staining qualities of 
the red blood cells of a healthy individual. The presence of a light area 
in the center of the cell does not necessarily mean hypochromia. Many 
parts of the blood film should always be studied before conclusions are 
drawn. 

3. Malarial Parasites. The parasites are best studied in a drop of 
fresh blood mounted under a petrolatum ringed cover glass. Thev are 
recognized in the red blood cells by their granules, which are highly re- 
fractive and in active movement. The parasites stain well with the ordi- 
nary Romanowsky type of stains. For some cases fairlv thick blood films 
are advantageous. 

4. Diffuse Basophilia, Polychromatophilia. Romanowsky type of 
stains (eosin-methylene blue combinations, Wright’s, Leishman’s, Jen- 
ner’s stains). The basophilic red blood cells stain grayish or slightly 
more blue than the normal red blood cells. Occasionally the distribution 
of the color is irregular in the corpuscle and both reddish and bluish 
areas are present (polychromatophilia) . Both manifestations are evi- 
dence of youth in the corpuscles. The bluish staining substance is prob- 
ably the same substance which precipitates as a reticulum with brilliant 
cresyl blue used supravitally. 

5. Stippling. The stippling of red blood cells shows as fine bluish 
black dots in the corpuscles with Wright’s and similar stains. The spots 
can be demonstrated with methylene blue alone, and are best seen in 
thick blood films. The method of Aub and his colleagues^^ is as follows: 

Fix thin cover glass films of blood with methyl alcohol, and allow to dry. 
The stain used is methylene blue, i gm.; potassium carbonate, 1 gm.; in 100 c.c. 
of distilled water. This is the stock solution. A dilution of one part of the stain 
and 14 parts of water is placed over the blood for fifteen minutes. The excess 
stain is washed off with water until the blood film appears bluish green. The 
film is dried and the blood is examined using the oil immersion lens. The 

Aiih, J. C., Fairhall, L. T., Minot, A. S., and Reznikoff, P. Medicine, 4: 1, 1925. 
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stippled cells are easily located. They are somewhat more polychromatic than 
the normal, light greenish blue erythrocytes. The basophilic granules appear 
dark blue, as do the nuclei of the leucocytes. 

Methods of McCord, Holden and Johnston.^^ Thin even films of 
blood are made on glass slides and are allowed to dry between one and 
three hours. Then one-half of the film is covered with a piece of filter 
paper and this is carefully moistened with methyl alcohol. When it dries, 
the paper becomes loose and can be removed. In this way only one-half 
of the film is fixed; so that the cells in the unfixed portion will hemo- 
lyze during the staining process. The slide is stained in a Coplin jar for 
ten minutes, using a modified Manson’s methylene blue. (Borax, 1 gm., 
methylene blue 2 gm., boiling distilled water, 100 c.c. The borax is 
dissolved in the water and the methylene blue is added to this. It is 
filtered, and remains stable for at least two weeks.) After staining, rinse 
3-4 times in distilled water and dry in air. 

Stippled cells (basophilic aggregations) are counted in 20 fields of 
the unfixed section of the slide and the number of red blood cells in a 
corresponding number of fields (5 fields X 4) Is determined from the 
fixed area. The percentage of stippled cells is then determined by di- 
viding by the number of stippled cells (or basophilic aggregates) X lot) 
by the total number red cells counted per similar number of fields. 

6. Nuclei, Nuclear Particles, Howell-Jolly Bodies. These struc- 
tures are well shown with all the commonly used blood stains. They all 
take on the characteristic color of the nuclei of the other nucleated cells. 

7. Refractive Granule. This structure^*^ can be easily seen in about 
1 per cent of the red blood corpuscles of normal human beings and 
mammals (increased in number under some conditions) in fresh blood, 
or fresh blood with a supravital stain, in unstained dried films, or in 
films stained with any of the commonly used stains. The granule is 
about 0.5 micron in diameter, highly refractive and does not stain. It 
appears as colorless or black, depending on the focus, or it may be 
tinged with the same or complementary color of the surrounding solu- 
tion or stain. The granule is an evidence of youth and probably repre- 
sents a stage in maturation of the red blood corpuscle between that of 
the reticulocyte and the adult corpuscle. 

8. Cabot’s Rings. These stain as red filaments (circular or figure 
eight) with most of the Romanowsky stains. The color of the red blood 
corpuscle included inside of the ring is the same as that outside of this 

McCord, C. P., Holden, F. R., and Johnston, J, Am, J, Public Health, 25: 1089, 
Isaacs, R. Anat, Rec., 299, 1925. 
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stiucture. differentiating it from some artifacts which may cause con- 
fusion in identifying it. 

XXII. Blood Platelet Diluting Solutions 

I. Buckman and Hallisey.*® 

Glucose. 6.0 gm. 

Sodium citrate t>*4 

Distilled water lOO c.c. 

Filter and add 0.02 gm. of toluene red (dimethyldiamidotoluphenazin). To 
this is added 0.1 gm. of crystal violet. The mixture is gently heated to 6o°c. and 
held at this temperature for five minutes and allowed to cool to room tempera- 
ture. It is then centrifugalized for ten minutes at 2000 revolutions per minute. 
The supernatant liquid must be filtered twice through three thicknesses of dry 
filter paper (No. 30 Whatman). This solution is preserved by 0.2 c.c. of formal- 
dehyde solution. It keeps indefinitely. 


2. Kristenson.^^ 

Urea.... 10 gm. 

Sodium citrate. 2.5 gm. 

Corrosive sublimate 0.005 gm. 

Brilliant cresyl blue 0.5 gm. 

Distilled water 500 c.c. 

3. Ottenberg and RosenthaL^^ 

Sodium citrate 3 gm. 

Distilled water to 100 c.c. 


Cresyl blue 1 to 500 or methyl violet 1 to 500 may be added freshly to the 
solution just before using, and the solution then filtered. 


4. Pratt.^^ 

Sodium metaphosphate. 2.0 gm. 

Sodium chloride. 0.9 gm. 

Distilled water 100 c.c. 

5. Rees and Ecker.^^ 

Sodium citrate . 3.8 gm. 

Distilled water . 100 c.c. 

Formaldehyde solution 0.2 c.c. 

Brilliant cresyl blue 0.1 c.c. 


^^Tiuckman, T. E., and Hallisey, J. E. J. A. M. A., 76: 427, 1921. 

Kristenson, ,A. Acta Med. Scandinav,, 57: 301, 1922. 
“^Otlenbcrg, R., and Rosenthal, N. J. M. T., 69: 999, 1917. 

J. H. ,/. A, M. A., 45: 1999, 1905. 

®^Rees, H. M., and Ecker, E. E. /. A. M. A.. 80: 621, 1923. 
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6. Wright and Kinnicutt.^^ 

Solution I. Brilliant cresyl blue. 1.0 gm. 

Distilled water 300-0 c.c. 

The grow^th of yeast may be prevented by keeping the solution in an ice box. 

Solution II. Potassium cyanide 1.0 gm. 

Distilled water 1400.0 c.c. 

The solutions are kept in separate bottles and just before using, two parts 
of the brilliant cresyl blue solution are mixed with three parts of the potassium 
cyanide solution and the fluid filtered. 

7. Toisson. 

Distilled water 160 c.c. 

Glycerin, neutral .. .. 30 c.c. 

Sodium sulphate .. 8 gm. 

Sodium chloride 1 gm. 

Methyl violet 0*025 

8. Hayem.^^ 

Distilled water 200 c.c. 

Sodium chloride 1 gm. 

Sodium sulphate 5 gm. 

Mercuric chloride 0.5 gm. 

9. Gower. 

Sodium sulphate 7 gm. 

Acetic acid 4 c.c. 

Distilled water to 120 c.c. 

M Wright, J. H., and Kinniciitt, R. /. A. M, A., 56: 1457, 1911, 

® Hayem, G. Arch, de Physiologie, 5: 692, 1878. 
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A. METHODS FOR CELLS OF THE CIRCULATING BLOOD^ 

I. Obtaining Blood 

Human blood is taken from a finger or a lobe of the ear. If the 
finger is used, Naegeli^ recommends that the entire hand be immersed 
in warm water until suffused and then dried with chafing, in order to 
secure a free flow of blood and thus an even distribution of cells. In 
working with infants the great toe or the heel is used. Rabbits bleed 
freely if a puncture is made in the ear, preferably through the marginal 
vein. The ear should be shaved. In animals which are excited the vein 
may be contracted so that little blood flows, but a dilation of the vein 
may be caused instantly by wiping the spot with xylene. Guinea pigs, 
also, may be bled from the ear; but in this case a simple puncture may 
not be sufficient, and it is usually better to cut a slit in the ear. When 
it is necessary to secure much blood or to study that which is not pe- 
ripheral, a method of ventricular puncture may be used, puncturing 
the heart with a paraffined or oiled needle. This is easily done on the 
larger animals: dogs, rabbits, and even guinea pigs. The easiest method 
with rats is to cut off a piece of the tail. With salamanders, also, the tail 
is used, and it should be well scrubbed just before taking the blood in 
order to get rid of the mucus. Blood taken in this way is mixed with a 
small amount of tissue fluid. It should be kept from contact with torn 

^Methods for counting leucocytes and for supravital staining will be found on pp. 
Ill, 292. 

“Schridde, H., and Naegeli, O. Die Haraatologische Technik. Jena, 1921. 
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tissue or with the skin as much as possible. If the life of the animal 
can be sacrificed, purer blood can be obtained by opening the chest 
and taking it from the heart with a needle. In the case of birds a wing 
vein in the axillary region may be used, but since this causes subcutane- 
ous bleeding the tibial vein in the ankle is preferable. A method is 
given by Nolf for obtaining blood from fishes without letting it touch 
the skin. Hold the fish in a vertical position with the head down and 
cut off the tail back of the dorsal fin. Run a glass cannula coated with 
paraffin into the dorsal aorta. Then place the fish in a horizontal posi- 
tion, and the blood will run out. A more usual method is to take it 
from the heart. The method of getting blood directly from the heart 
with a lip pipette is useful for embryos and small animals. It is the best 
method for frogs. The lip pipette described by Fry^ is a glass pipette 
with one end drawn to a suitable fineness and fitted at the other end 
with a rubber tube with a glass mouthpiece. If the end of the tube is 
of capillary fineness so that the heart is not torn, blood will remain 
unclotted for a few minutes. As compared with a syringe needle it has 
the advantage of cheapness since the capillary tubes can be used freely 
and then thrown away. A glass tube is not successful unless it is of capil- 
lary fineness. A more extended account of methods for securing blood 
from various kinds of animals is given by Jolly. ^ 

II. Dry Films 

1. Preparation. The preparation of blood films by the smear 
method is described in Part I (pp. 3^, 34) . Blood films may be made on 
glass slips, but the cover glass method is better for leucocytes. They 
should be fairly thin in order to demonstrate granules, especially azure 
or neutrophile granules. According to most authors a blood film can be 
more successfully stained about twenty-four hours after it has been made 
than when perfectly fresh. It should not, as a rule, be older than one 
week, although the time within which good results may be secured 
varies according to conditions, possibly atmospheric. Fixation and stain- 
ing may be accomplished in one series of operations if an alcoholic 
stain is used, or the fixation may be clone fii'st, followed by a staining 
process. 

2. Fixation and Staining Methods. Most blood stains contain 
methylene blue, methylene azure, methylene violet and eosin. They are 
discussed at length by MacNeal.^ Since Romanowsky was the first to 
point out the selective action of such stains, mixtures containing these 

®Fry, H. Anat. Rec., 34: 245, 1927. 

* Jolly, J. Trait<! d’H^matologie. Vol. 1, Paris, 1923. 

“MacNeal, W. J. J. Infect, Dis., 412, 1906. 
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dyes are often spoken of as Romanowsky stains and the red lavender 
color produced by them in the nuclei of lymphocytes and monocytes is 
known as the Romanowsky effect. There are a number of modifications. 
Leishman’s, Wilson’s and Wright’s are similar, all being eosinates of 
polychromed methylene blue. Giemsa’s modification contains the dyes 
called azure Il-eosin and azure II; but since azure II is a mixture in 
equal parts of methylene azure and methylene blue, the stain is really 
a mixture of the eosinates of methylene blue and methylene azure. 
These stains contain methylene violet only as an impurity of the meth- 
ylene blue. Newer stains have more exact formulas which give definite 
weights for each dye present. Pappenheim’s modification® is called 
'‘panchrome” and contains the following dyes: methylene blue, toluidin 
blue, azure I (methylene azure) , methylene violet and eosin. Pappen- 
heim gives several percentage formulas for making it. It can be ob- 
tained from the Griibler Company, but the proportions which that 
company uses for it are not known. Of the newer stains MacNeal’s tetra- 
chrome is the best known. It contains methylene blue, methylene vio- 
let, methylene azure A and eosin. Kingsley’s stain (see megacaryocytes) 
may also be used on blood, giving an effect similar to Wright’s. Giemsa, 
Wright’s and the tetrachrome stain may be obtained from American 
companies with the certification of the Commission on Standardization 
of Biological Stains. 

a. Wright's Blood StainJ (1) Technicjue. Wright’s blood stain may 
be used on any dry smear. The mixture fixes and stains at the same 
time. For convenience in handling, the stain can be confined to a part 
of the slide by marking across one end with a piece of soft paraffin. The 
slip or cover glass should be level. In working with cover glasses it is 
well to support them by cover glass holders or simply on the ends of 
small corks. By means of a pipette the preparation is quickly flooded 
with enough stain to cover it well. A 22 mm. cover requires 8 or 10 
drops, a slide 30 or 40 drops. The stain is left on for sixty seconds and 
as it is dissolved in absolute methyl alcohol, the blood is fixed during this 
interval. An insufficient amount of stain causes a round granular precipi- 
tate by evaporation of the alcohol. Then with a second pipette distilled 
water is added drop by drop until a greenish metallic scum begins to 
form. This usually happens when the distilled water equals about half 
the amount of stain. The slide should be moved gently while the water 
is being added in order to insure rapid mixing of the water and stain. 
The diluted stain is left on for two and one-half to three minutes. It is 
then rinsed off with a pipette of distilled water and, keeping the slide 

Pappenheim, A. Folia haematoL, Archiv, 11: 194, 1911. 

'^Mallory, F. B., and Wright, J, H. Pathological Technic. Phila., 1924. 
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level, fresh distilled water is added. This is left another two and one- 
half minutes and rinsed off. Finally the slide is carefully blotted dry 
with smooth filter paper. By following a scheme such as this fairly uni- 
form results can be obtained with normal blood. However, variations in 
the type of blood or the thickness of the film may affect the result, 
making advisable slight changes in timing. A preparation may be dried 
and examined at leisure, and then, if it is found to be too dark, it can 
be further washed with distilled water; but if it has been washed until 
too light, first class results cannot be obtained by restaining it. If re- 
staining is necessary, it is best to decolorize the slide first. Nuclear struc- 
tures and the azurophil granules of platelets, lymphocytes and mono- 
cytes should be distinct. When thoroughly dry the preparation can be 
mounted with neutral balsam or with damar. 

(2) Preparation of Stain and Use of Buffer Solution. If the stain 
is obtained as a powder, both Griibler and American products can be 
made up in the proportion of 0.3 gm. to 100 c.c. of pure methyl alco- 
hol. The solution should be shaken occasionally and is ready for use in 
three or four days. Detailed directions for making the powder are given 
by Wright. The solution is not indefinitely stable, however, as it may 
grow more concentrated by evaporation of the alcohol and require dilu- 
tion, or contamination with moisture may precipitate it or make it 
liable to precipitation on the slide, or it may undergo slow oxidative 
changes. Fresh distilled water is necessary for good results. It should be 
slightlv acid and according to Haden^ it may have a pH of 6.0 to 6.6. 
This is easily tested with phenol red or brom thymol blue. If it stands 
for a week or so in an ordinary glass bottle, it usually becomes unfit 
for use. Buffer solutions may be used instead, however, and are stable. 
The McTunkin-Haden buffer is satisfactory and has a pH of 6.4. It is 
made according to the following formula: 


Monobasic potassium phosphate 6.63 gm. 

Anhydrous dibasic sodium phosphate 2.56 gm. 

Distilled water 1 liter 


This solution can be used all through the technique of blood staining 
to replace distilled water in diluting the stain. 

b. MacNeaVs Tetrachrome.^ This stain is sold as a solution or as 
a dry mixture of dyes. Dissolve 0.5 gm. of the dry ingredients in 100 c.c. 
methyl alcohol, neutral, acetone free by adding small portions to the 
alcohol warmed to 50^0. and shaking between each addition. Leave at 
37°c, for two days with occasional shaking and filter. It was pointed out 

’’Haden, R. L, J. Lab, (if Clin. Med., 9: 64, 1923. 

" MacNeal, W. J. J. M. 'jS; 1122, 1922. 
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by Conn^^ that unless these directions are followed, the solution does not 
keep well. 

Use on blood films like Wright’s stain. 

c. GiemsaM (i) After Methyl Alcohol Fixation. For ordinary dry 
films the simplest fixation is alcohol. Most directions call for a three 
minute methyl alcohol fixation of fresh films and a two minute fixation 
of films twenty-four hours old. This should be done in a covered dish, 
and the slide should be taken out and allowed to dry before it is stained. 

The alcohol fixation is followed by Giemsa’s stain for fifteen minutes, 
after which the preparation is washed with distilled water until properly 
differentiated and then blotted dry. Giemsa’s stain should be prepared 
immediately before use in the proportion of i drop of the stock solution 
to 1 c.c. of distilled water or buffer with a pH of 6,4 to 6.8. Giemsa 
stock solution according to the proportions given for Griibler dyes: 


Azure Il-eosin 0.6 gm. 

Azure II 0.16 gm. 

Methyl alcohol, pure and free from acetone. .......... 50.00 c.c. 

Glycerin, pure and free from water . 50.00 c.c. 


Dissolve the dyes in the glycerin at 6o®c. and then add the alcohol 
warmed to 6o®c. Certified Giemsa stock solution can be obtained from 
a number of American companies. The product of the Gradwohl Labo- 
ratories stains blood in seven to eight minutes when used in a dilution 
of 3 drops to 2 c.c. of distilled water. After about thirty minutes the 
stain begins to precipitate. With Giemsa’s stain and its modifications 
it is well to avoid the danger of a precipitate forming on the film by 
floating a cover glass preparation on the stain or supporting a slide in 
a dish of stain with the smeared side down. With good stains and pure 
distilled water precipitation should not occur within the time of stain- 
ing. Giemsa gives the same differential stain of blood elements as is 
obtained by the well-known Wright’s or Leishman’s solution. It is 
better for azure granules. Neutrophile granules are usually rather pale, 
especially if the film is at all thick. It is an adaptable stain; variations 
can be made in the time of staining, in the dilution of the stain, and in 
the hydrogen ion concentration of the diluted stain. 

(2) After May-Griinwald Fixation. May-Griinwald is a saturated 
solution in methyl alcohol of the eosinate of methylene blue. It contains 
the useful azure only as methylene blue contains some methylene azure. 
Used alone it affords a weak, unsatisfactory stain, but it improves the 
appearance of nuclei and is a more dependable fixation for Giemsa than 

^®Conn, H. J. Stain Technology* 2: 31, 1927. 

Giemsa, G. Centhl. f. Abt,, 37: 308, 1904. 
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alcoliol. Jenner's stain^^ is identical with May-Griinwald and may be 
used instead. 

The May-Giemsa or Jenner-Giemsa combination of Pappenheimi^^ 
is the popular stain for blood films in most European laboratories. It 
can also be used for sections. Fix by covering the air-dried film with 
May-Griinwald stain for three minutes. Add an equal amount of dis- 
tilled water and leave the diluted stain for one minute. Pour off and 
without rinsing cover with diluted Giemsa solution. Leave for fifteen to 
twenty minutes or less according to dilution. Rinse off the stain and 
leave the slide in pure distilled water for about one minute or until 
differentiated. Blot dry and mount. 

(3) After Acetone-lucidol Fixation. The acetone-lucidol method 
of St. Szecsi^^ also gives a good fixation of dry films. Lucidol is a proprie- 
tary name for benzoyl peroxide, a white powder which explodes when 
heated to melting. Fix for fifteen minutes in a covered dish of benzoyl 
peroxide solution (10 gm. benzoyl peroxide, 100 c.c. acetone) . Trans- 
fer without drying to a covered dish of acetone-xylol (acetone 3 c.c., 
xylol 2 c.c.) for ten minutes to dissolve the benzoyl peroxide crystals. 
Place in methyl alcohol for one-half to one minute. Stain in May- 
Giemsa, about five minutes in May-Griinwald diluted with distilled water 
and about fifteen minutes in Giemsa. The method shows azure granules 
well. 

d. Panchrome. Pappenheim’s panchrome^^ is a modified Giemsa 
stain. The powder obtained from the Griibler Company and made up 
according to their directions is brought into solution by adding 0.75 gm. 
to 75 gm. of methyl alcohol (pure and free from acetone) and 25 gm. 
of glycerin (acid-free) at Go'^c. After being cooled it is filtered through 
a dry filter and kept well stoppered. It is used with May-Griinwald 
according to the directions given for Giemsa. The result is a better 
demonstration of neutrophile granules and better metachromasia of 
mast granules than the Giemsa solution gives, but in our experience 
some delicacy of stain is lost, and the cells are more likely to be muddy. 

e. The Kardos-Pappenheim Modification. This is also intended to 
make neutrophile granules more evident. Fix the film with May-Grixn- 
wald for three minutes. Dilute with an equal volume of distilled water 
and leave for one minute. Pour off the solution and stain with Giemsa 
methyl green-orange mixture for fifteen minutes. Wash briefly in water, 
dry, and mount. 

^ Jenner, L. XanceO Pt. 1, p. 370, 1899. 

Pappenheim, A. Folia haematoL, Archiv, 22: 15, 1917. 

^‘‘Sz^xsi, S. Deutsche med. Wchnschr., 39: 1584, 1913. 

Pappenheim, A. Archiv, 1 1: 194, 1911. 
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The Giemsa methyl green-orange stain is made, according to Kar- 
dosd^ as follows: 2 per cent aqueous orange G solution is mixed with 
concentrated aqueous methyl green. The precipitate is dried and dis- 
solved in methyl alcohol. The stain is made by taking 10 drops of 
Giemsa, 5 drops of methyl green-orange, and 15 c.c. of distilled water. 
It should be thoroughly shaken and poured from the mallow colored 
foam. Panchrome can also be modified in this way. The attempt is 10 
combine the effect of triacid, the best stain for neutrophile granules, 
with that of May-Giemsa, the best stain for azure granules. Kard os 
states that with his modification a number of cells would be called 
neutrophilic promyelocytes, which with Giemsa alone would be called 
non-granular leucoblasts. 

/. TriacidM Ehrlich’s triacid is useful as a check on the Romanow- 
sky stains because it colors neutrophile granules but not azure granules. 
It has been repeatedly stated by Ehrlich and Pappenheim that no con- 
clusions should be drawn as to the presence or absence of neutrophile 
granules unless this test has been applied. Ehrlich used heat fixation of 
iio°G. for one-half to two minutes. A copper plate is heated by a bunsen 
burner at one end, and the air-dried film is placed between the points 
where toluene (b.p. iio°c.) boils and water assumes the spheroidal 
state, 150^0. Other fixations are methyl alcohol twenty minutes or ace- 
tone five minutes. The triacid stain is used for five minutes. Then wash 
in distilled water until no more color comes away, dry and mount. 

Triacid contains methyl green, orange G and acid fuchsin. A satis- 
factory stain is difficult to prepare, probably because methyl green is not 
a stable compound, either in a powdered form or in solution. It is a 
saving of time, therefore, to obtain it, as well as the above mentioned 
methyl green-orange solution, ready made from the Griibler Company. 

g. Stains for Toxic Neuirophiles, Pathologic changes in neutro- 
philes can be seen with the usual May-Giemsa stain, toxic granules 
appearing larger and darker in color than normal granules. Mommsen 
pointed out in igay that normal neutrophile granules stain at a pH of 
6 to 7, while at a pH of 5.4 toxic granules stain and normal granules 
remain unstained. 

(i) Method of Mommsen.^^ Fix the air-dried blood film in abso- 
lute methyl alcohol for four minutes. It is recommended that the slide 
be left for twenty-four hours in an incubator at 37°c. to equalize dry- 
ing. Stain in buffered Giemsa solution for one hour. The stain is made 

Kurdos, E., Folia haematoL, Archiv, 12: 59, 191 1, 

^"Ehrlich, P., and Lazarus, A. Die Anaemic, I Abt. Ed. 2, Vienna, 1909, p. 31. 

Mommsen, H. Ztschr, exper. Med,, 65: 299, 1929. 
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by diluting lo c.c. of filtered Giemsa stock solution (Hollborn, Leipzig) 
with 40 c.c. of distilled water and adding a buffer solution adjusted to 
pH 5.4 to make up 100 c.c. Wash the preparation with buffer and blot 
dry. Old films are harder to stain and may take two hours. 

A buffer of 5.4: 


Sodium hydroxide n/i 26.6 c.c. 

Acetic acid n/i 27.0 c.c. 

Distilled water to 1000,0 c.c. 


(2) Method of Freifeld.^^ Prepare 2 solutions. 

Solution A. ZiehPs carbol-fuchsin. 

Solution B. Methylene blue (1 per cent aqueous) . 

To 20 c.c. of tap water add 7 drops of solution a and 5 drops of solution 
B. Fix the preparation with methyl alcohol and stain for one hour. 
Neutrophile nuclei stain blue, basichromatin dark blue and oxychro- 
matin reddish blue. Cytoplasm stains light red. Basophilic granules 
are dark blue. Toxic neutrophiles have a basophilic cytoplasm in which 
dark basophilic granules stand out clearly. 

III. Wet Films 

I. Fixation and Stains. For amphibian blood in which the cells 
are large enough to be distorted by drying, a fixation of the moist film 
by vapor is to be recommended. Osmic acid 1 per cent should be used 
for twenty or at most thirty seconds by the following method. Support 
the clean slip or cover glass over a dish of 1 per cent OSO4 for a few 
seconds. Make the film in the usual way on the surface that was exposed 
to the fumes, and put the moist preparation back over the fixative for 
twenty seconds. Then let it dry. Overfixation will make it stain too in- 
tensely. The appearance of nuclear structures is sometimes improved 
by the addition of glacial acetic acid to the osmic solution, 2 drops to 
1 c.c. Excess acetic makes the blood colorless. Formalin vapor may be 
used instead of osmic for forty seconds to one minute. Formalin and 
osmic acid are the most common reagents for this purpose, but Weiden- 
reich^o mentions others. In any case the preparation should be allowed 
to stand twenty-four hours or more before it is stained. Giemsa's stain 
is good after this fixation. If Wright's stain is used, the sixty second 
interval of concentrated stain should be omitted. Any stain containing 
methylene blue colors red blood cells a greenish blue with this tech- 

^^Naegeli, O. Blutkrankheiten iind Blutdiagnostik. Berlin, 1931, p. 19. 

™ Weidenreich, F Die Lencocyteii und verwandte Zellformen. Wiesbaden, 1911. 
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nique If it is desirable to stain them pink, Delafield’s hematoxylin and 
eosin may be used. In this case bluish eosin is preferable to yellowish. 

B. METHODS FOR PERITONEAL FLUID 

This fluid may be preserved by dry films made by the cover glass 
method (p. 33) . The usual blood stains are used on such preparations. 

An agar-osmium method was first used by Deetjen for blood platelets, 
but according to Weidenreich it is useful for all leucocytes. The writers 
have found it a valuable method for peritoneal fluid. It has the advan- 
tage that cells are fixed without being rolled between cover glasses or 
dragged over a slip. The following account is taken from Weidenreich; 

Make a 1 per cent solution of agar in 0.8 per cent salt solution. Fill several 
test tubes with this to a height of about 1 inch, plug them with cotton, and 
sterilize them. To use, heat one of the tubes in hot water until the agar has 
become fluid and pour it out on a glass plate. After the agar has solidified, cut 
squares from it slightly smaller than the cover glass to be used. Place one of the 
agar squares on a slide. Then place a drop of peritoneal fluid or blood on a 
cover glass and lay the cover glass carefully on the agar square so that its edges 
project beyond the edges of the agar. The fluid spreads out in a thin layer be- 
tween the glass and the agar. Leave the preparation for five or ten minutes and 
then add a few drops of 1 per cent osmic acid under the projecting edges of the 
cover glass but without touching the cover glass itself. After five minutes, care- 
fully raise the cover glass and place it in distilled water for a few minutes. Stain 
in Giemsa without letting it dry. After staining, rinse the preparation in dis- 
tilled water, dehydrate in 95 per cent alcohol and 100 per cent alcohol, clear in 
xylene and mount. Do not let it dry at any stage. This method is of value for 
mammalian material. 

C. METHODS FOR THE PEROXIDASE TEST 

This reaction depends on the presence of an oxidizing ferment in 
cells of the myeloid series, definitely distinguishing them from cells of 
the lymphocyte series and from tissue cells. 

I. Goodpasture^s Stain.21 Cover a dry blood film with a measured 
amount of stain and leave for one minute. Add an equal amount of 
water and leave three or four minutes. Rinse well in water, blot dry 
and examine with oil. Nuclei are clear red; cytoplasm and platelets 
stain pale pink; erythrocytes are buff color. Sharply defined blue oxidase 
granules are found in neutrophiles, eosinophiles, myelocytes and, in 
smaller number, in monocytes. They are not found in lymphocytes. 

® Goodpasture, E. W. /. Lah. if Clin. Med,, 4: 442, 1919. 
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The reaction of myeloblasts is not positive. It is always questionable 
whether immature cells which show oxidase granules are not early 
myelocytes instead of myeloblasts. 


Stain: 

Alcohol 100.0 

Sodium nitroprussicle 0.05 

Benzidine C. P 0.05 

Basic fuchsin 0.05 

Hydrogen peroxide 0.5 


Dissolve the nitroprusside in 1 or 2 c.c. of water, mix with alcohol and 
add the other ingredients. Made in this way the stain is good only a 
few days. Beacom suggested that if it is made up without hydrogen 
peroxide, it will keep six to eight months. For use, add 2 drops hydrogen 
peroxide to 15 c.c. distilled water and dilute the stain on the slide with 
this solution. 

Both this stain and the following one may be used on frozen sections 
of formalin material. 

2. Graham’s Benzidine Stain.^^ Fix the fresh film a few seconds 
with a fresh mixture of one part of 40 per cent formaldehyde and 9 
parts of 95 per cent alcohol. Lightly wash with water and stain with 
benzidine solution. Benzidine solution: add a few crystals of benzidine 

C. P. to 0.02 c.c. of hydrogen peroxide (use Sahli pipette) . To this add 
10 c.c. of 40 per cent alcohol. After five minutes wash the slide thor- 
oughly under the tap and counterstain for one-half to one minute in 
aniline water thionin. Thionin stain: add 10 c.c. of saturated thionin 
in 75 per cent alcohol to 40 c.c. of aniline water. 

When staining is completed, oxidase granules are various shades of 
brown. In neutrophiles they are fine and numerous. In eosinophiles 
they are coarser. Monocytes usually have a few. Lymphocytes and lympho- 
blasts have none. Myelocytes show numerous granules. In the most im- 
mature cells, however, results are not certain, so that this test does not 
distinguish surely between myeloblasts and lymphoblasts. 

D. METHODS FOR MEGACARYOCYTES AND BLOOD PLATELETS 

Methods for counting blood platelets are described by Isaacs (p. 293) . 

For a histological examination the Romanowsky stains are good. 
Smears treated with Wright’s blood stain, Giemsa, or the modifications 
of Giemsa show a sharp differentiation of the characteristic azurophil 
granules in platelets and megacaryocytes, no matter whether they are 

"-Ciniham, G. S. /. Med. Research, 59: 15, 1918. 
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used on the ordinary dry smears or on those fixed as quickly as possible 
while still moist. 

In sectioned material, Schridde was the first to demonstrate the 
granules of megacaryocyte cytoplasm using azure Il-eosin followed by 
dehydration in acetone. Shortly after this, Wright worked out a modi- 
fied Romanowsky combination. 

I. Wright’s Megacaryocyte Stain.-^ 

Fix in a saturated solution of mercuric chloride in 0.9 per cent salt solution. 
Dehydrate in alcohol followed by acetone, clear in thick cedar oil followed by 
xylene, and imbed in paraffin. 

Stain sections for ten minutes in a mixture of equal parts of staining fluid 
and distilled water, poured directly on the slide. A yellowish metallic scum 
should slowly form, but the stain should not precipitate. The time may be 
varied. When the cytoplasm of the giant cells is bright red and reticular fibrils 
begin to look red, the staining should be stopped, and the preparation should 
be at once washed in water. Dehydrate in pure acetone and clear in pure oil of 
turpentine. Mount in a thick solution of colophonium in pure oil of turpentine. 
Before mounting carefully remove superfluous turpentine as it may absorb 
moisture and cause clouding or fading. Downey^^ found that turpentine-damar 
works equally well. 

Make the stain by taking 3 parts of polychrome methylene blue solution and 
10 parts of 0.2 per cent solution of eosin water soluble yellowish (W.G.) in 
methyl alcohol. For the polychrome methylene blue solution dissolve 1 gm. of 
methylene blue B.X. in 100 c.c. of a 0.5 per cent aqueous solution of NaHCOa 
and keep the solution at ioo®c. in a steam sterilizer for one and one-half hours. 
Filter the solution when it is cool. The filtrate is polychrome methylene blue. 

Preparations stained in this way show both platelets and megacaryo- 
cytes in good detail. Granules are clearer if they are examined by light 
from an electric bulb which has a yellowish tint. In order to secure 
satisfactory results, it is absolutely necessary to follow Wright’s tech- 
nique in detail, including the use of acetone and turpentine. 

Downey found that the corrosive sublimate fixation of Wright’s 
method, although excellent for megacaryocytes and platelets, was poor 
for lymphocytes in the same preparation. He substituted a mixture of 
10 c.c. commercial formalin and 90 c.c. of 0.9 per cent salt solution, sat- 
urated with HgCl2. The solution gives a good fixation of lymphocytes 
as well as megacaryocytes, and allows not only a typical Wright’s stain 
but also a fairly good stain with the Giemsa and Dominici mixtures. 

Wright, J. H. /. MorpkoL, 21: 265, 1910. 

A* Downey, H. Folia haematol,, KtQ)\\v, 15: 25, 1913. 
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2. Kingsley’s Stain.®® This is a recent stain which produces mega- 
caryocyte and platelet preparations surpassing those of older methods. 
Fixation is preferably by means of the formalin-corrosive sublimate- 


salt fluid used by Downey. 

Solution A 

Methylene blue, U. S. P. med. 88 per cent. 0.0650 gm. 

Methylene azure A 80 per cent. 0.0100 gm. 

Glycerine, C. P 5.0 c.c. 

Methyl alcohol, C. P 5.0 c.c. 

Distilled water ’ 25.0 c.c. 

Bulfer, pH 6.9 15.0 c.c. 

Solution B 

Methylene violet (Bernthsen) 85 per cent 0.0130 gm. 

Eosin, yel., W.S. 92 per cent 0*0450 gm. 

Glycerine, C. P 5.0 c.c. 

Methyl alcohol, C. P 10.0 c.c. 

Acetone, C. P 35.0 c.c. 

Buffer 


Primary 9*078 gm. KH2PO4 per liter. 

Secondary 11,876 gm. Na2HP04 per liter. 

The commercial secondary salt has 12 molecules of water and should 
be exposed to the air for two weeks to bring it down to 2 molecules. To 
obtain a buffer of about pH 6.9, mix 60 c.c. of secondary salt with 40 c.c. 
of the primary. The stain solution is prepared by mixing equal parts of 
solutions A and B. The stock solutions are permanent, but the mixture 
is good only six or eight months. Kingsley says that the formula may be 
changed to adapt the stain to the result desired. 

Technique for sections. 

(1) Flood with stain for nine to ten minutes and rinse in clean distilled 
water. 

(2) Wash in distilled water acidified with acetic acid, 15 drops (0.75 c.c.) of 
1 per cent solution to 60 c.c. water. 

(3) Wash in distilled water and examine under the microscope. 

(4) Wipe off excess water and rinse in C. P. acetone to which has been 
added, for every 60 c.c., to drops of 1 per cent acetic acid and also 0.01 c.c. of 
5 per cent eosin in CH3OH. 

(5) Rinse in G. P. normal butyl alcohol to which has been added, for every 
60 c.c., 0.02 c.c. of 5 per cent eosin in CH3OH. 

(6) Rinse in neutralized xylene. Examine under microscope for proper dif- 
ferentiation. 

(7) Three changes of neutralized xylene (change often). 

(8) Mount in neutralized xylene-damar. 

Kingsley, D. M, Stam Tec/mo/ogy, 10: 127,1935. 
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E. METHODS FOR FIXED TISSUE LEUCOCYTES 
I. Cells of the Connective Tissue 

1, Preparation of Subcutaneous Tissue Spreads, Loose connec- 
tive tissue is found in any vertebrate just under the skin, between that 
and the muscles. It is usually taken from the abdominal or inguinal 
regions. After the selected area is shaved, an incision is made in the 
skin and a very small piece of tissue is snipped off with scissors. The 
piece is placed on a cover glass and quickly spread out as flat and as 
thin as possible by means of two teasing needles, taking care, however, 
not to tear it to the extent of injuring the cells. It is an advantage for 
two people to work together in doing this, using two needles each. The 
cover glass is then floated on fixing fluid, the tissue side being down. 
All the above manipulations must be done quickly before the tissue 
dries, and it facilitates handling the cover glass if the teasing is done 
with the cover glass over a black background and supported by a Petri 
dish which is bottom side up. 

2. Preparation of Omentum and Mesentery Spreads. There are 
several ways of taking omentum spreads: on filter paper rings, on test- 
tube tops, or the cover glass method used for subcutaneous tissue. The 
object is to get the membranes into the fixing fluid without tearing them 
or allowing them to dry, and to keep them perfectly flat and un- 
wrinkled. If omentum is to be saved, it is the first thing taken out after 
the animal is killed. Care should be taken not to expose it to the air 
unnecessarily. 

The filter paper ring method can be used by one operator working 
alone. A number of rings are cut of fairly heavy filter paper, about 5 
mm. to 7 mm. in width and 1 inch in diameter. One of the rings is 
placed under the omentum so that the tissue is in contact with it all 
around. Immediately, the ring is cut out and placed in the fixing fluid. 
The tissue will stick to the filter paper through subsequent operations. 
After it is stained and taken into xylene, it may be cut from the paper 
ring as there is then no danger of its becoming wrinkled. 

A method of spreading the omentum over the cut-off top of a test 
tube and tying it there with thread was used by Maximow. For rapid 
work this requires two operators. ' 

In some animals, such as the frog, the mesentery is a hematopoietic 
organ. It is easily handled by leaving it attached to the loops of intestine 
and placing the whole in fixing fluid. 
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3. Preparation of Body Wall for Sectioning. The following 
method for sections of body wall is taken from Maximow,^^^ 1906. 

Shave the skin, make a cut through the body wall and insert a cork frame. 
Fasten the whole thickness of the body wall to the cork by means of pins if 
alcohol is used as the fixative, or thorns for a corrosive fluid. Then cut out the 
cork frame with the tissue pinned to it and carry it through the operations of 
fixing and. hardening. In 80 per cent or 90 per cent alcohol remove the tissue 
from the cork and trim its edges. Imbed in celloidin, and, in order to get the 
cells of the subcutaneous connective tissue, section the piece parallel to the sur- 
face. This method is suitable for the smaller animals but not for dogs because 
in them the body wall is too thick. Instead, layers of muscle may be pinned out 
with connective tissue between them. In fixing body wall in absolute alcohol, 
Unna states that tannin should be avoided and corks should be soaked in sodium 
carbonate solution of 2 per cent before use. 

4. Fixation and Stains for Connective Tissue Cells. For all 
connective tissue spreads the best general fixation is Zenker-formol 
used just as described for smears. If mast cell granules are to 
be preserved, the use of watery fixatives must be avoided and the 
tissue placed directly in absolute alcohol. Alcohol serves as a quick fixa- 
tive requiring no washing out, but it makes many cells look vacuolated 
because of its dissolving action on certain cell constituents. Formalin, 
also, gives a quick fixation, and for general purposes it can be suffi- 
ciently washed out in a few minutes so that the tissue will take a stain. 
Preparations of subcutaneous tissue and omentum should be stained 
within a few days after fixation. However, if they have been left for a 
week or so in alcohol so that some staining capacity is lost, the fixation 
can be revived by the use of peroxides. The same stains are valuable here 
as are used on sections, 

II. Cells of the Bone Marrow, Lymph Nodes, and Spleen 

I. Fixation of Wet Smears. Fixation of the wet smears directly 
in a liquid is used with such tissues as bone marrow or lymph nodes 
rather than with blood. For general preservation of leucocytes Maxi- 
mow's modification of Helly's fluid is the best. Maximow used for this 
fluid 100 c.c. of Zenker stock solution (without acetic acid) and 10 c.c. 
of neutralized commercial formalin. Magnesium carbonate .may be used 
for neutralization. Fixation is unusually complete and granules are espe- 
cially well preserved. It is used according to the following directions: 

Float the cover glass on the fixative, smear side down, for fifteen minutes. Do 
not overfix. Wash in running water for two hours. Place in iodized 70 per cent 
Maxiraow, A. Arch. f. mikr. Anat., fiy: 680, 1906. 
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alcohol for several hours or overnight. Remove excess iodine by treating with 
0.25 per cent sodium thiosulphate solution for about five minutes and washing 
thoroughly in distilled water. For best results stain within two days. The Helly- 
Maximow fluid gives especially favorable fixation for hematological stains be- 
cause of the bichromate it contains. 

2. Fixation for Sectioning. The usual fixatives may be used, but 

the time is necessarily longer than for smears and membranes. Zenker- 
formol, the best fixative, is used for five hours if the piece is of ordinary 
size, 1 cm. X J cm* X V2 small pieces are penetrated in three 

hours. This is followed by twenty-four hours’ washing in running water. 
Formalin is used for twenty-four hours in the strength of 10 c.c. commer- 
cial formalin and 90 c.c. of water. After twenty-four hours this should 
be diluted with an equal volume of water if pieces are to be left in it for 
a longer time. Bell has found that better results are obtained with old 
formalin material if dehydration is carried out very slowly, twelve to 
twenty-four hours in each grade of alcohol. Absolute alcohol is used for 
pieces of tissue only when watery fluids must be avoided, as in the pres- 
ervation of mast cell granules. 

3. Bone Marrow Biopsy. «. Trephme MeihocL Removal of a 
button of bone by means of a small trephine originated with Seyfarth. 
A good description of the method of removal is given by Custer.^^’ 
Anesthetize the skin and subcutaneous tissue with 2 per cent novocaine 
for a distance of 3 cm. above and below the fourth rib. After five 
minutes, make a 4 cm. sagittal incision in the skin down to the perios- 
teum and fill the subperiosteal space with novocaine. Then cut the 
ventral table of the sternum with a trephine. Care must be taken not 
to drill through into the mediastinum. Custer suggests making a mark 
on the trephine 5 mm. from the cutting edge to show when drilling 
should stop. The button of bone is broken out by rocking the trephine 
slightly, Curettings may be made from the marrow cavity. After oozing 
has ceased from the cavity, the periosteum is replaced and the sub- 
cutaneous tissue and skin are sutured. 

One-half the bone button should be fixed at once in Zenker- 
formol, after which it is decalcified and imbedded in paraffin. The other 
half can be used to make imprints. Imprint preparations are made by 
taking a small fragment of bone spicules with the marrow adhering and 
gently touching it to the surface of a clean slip. Imprints can be made 
and dried more quickly than smears. Dry preparations are best stained 
in May-Giemsa by the method used for blood films, except that the 
strength of the diluted stain should be increased. For imprints it may 
be doubled. 

Custer, R. P. i 4 m. /. M. Sc., 185: 617, 1933. 
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b, Armkin Methods This is the aspiration of marrow fluid through 
a modified spinal puncture needle. It is simpler than the trephine 
method and can be repeated on the same patient. It has the disadvan- 
tage of not showing cells in situ and of not bringing out cells which lie 
closely in marrow spaces. Shorten a spinal puncture needle to 3 or 4 
cm. Anesthetize the skin, underlying tissue and periosteum at the height 
of the third or fourth rib and drive the needle through into the spongy 
bone. When the needle enters the marrow cavity, remove the stilet and 
attach a syringe. Then about 0.2 c.c. of a mixture of blood and marrow 
may be drawn out. As much as 10 c.c. can be obtained, but a smaller 
amount (0.2 c.c.) is better because it is less diluted with blood. Make 
smears or imprints from this and stain them with May-Giemsa. 

4. Stains. Delafield’s hematoxylin and eosin, the best known tis- 
sue stain, shows up general features well in sections of glands or organs 
especially of human material, but is otherwise little used in a study of 
leucocytes. Stains which combine an acid dye, such as eosin, with a con- 
trasting basic dye are more valuable. The result obtained can be regu- 
lated by varying the pH of the solutions or of the water used for rinsing 
off the stain. Azure Il-eosin and Giemsa are usually diluted with distilled 
water, but a suitable buffer of the desired hydrogen-ion concentration 
can be used instead. The stains just mentioned and Dominici, also, some- 
times give a result which lacks the pink eosin color. Instead of treating 
the stains it is often easier to hold the eosin by washing sections before 
dehydration with 0.2 per cent aqueous acetic acid. 

If these stains are to be used on celloidin sections, it is necessary to 
remove the celloidin before staining.^s 

a. Azure Il-eosin and hematoxylin as used by Maximow, 1909 and 
1924, is a valuable combination which is generally applicable; it can be 
used on Zenker-formol fixed sections, smears, or spreads, and also on 
tissue culture preparations. Sections of paraffin or preferably celloidin 
material are stained first in Delafield’s hematoxylin and afterwards in 
azure ll-eosin. The D el afield’ s stain, not artificially ripened, should be 
about six weeks old. Make a very dilute solution of it by adding 1 to 2 
drops to 100 c.c. of redistilled water. It is as necessary to use pure dis- 
tilled water here as in working with Wright’s blood stain. The solution 
will be a pale violet color if the Delafield’s and the water are both good. 
Leave sections in the stain for twenty-four hours. Then wash in distilled 
water for about twenty-four hours. As a result chromatin is blue, and the 

"^Arinkin, M. I. Fol. Haematol., 38: 233, 1929. 

DantschakoflF, W. Ztschr. f. wissensch. Mikr., 25: 32, 1908. 

Msximov!, A. Ztschr. f. wissensch. Mikr., u 6 : 1909. 

Maximow, A. ]. Infect. Dh., 34: 549, 1924. 
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cytoplasm is either colorless or a light grey. Place in azure Il-eosin solu- 
tion for twelve to twenty-four hours. 

Azure Iheosin solution: 

Stock solution a. 

Eosin, water soluble yellowish (w. c,). . 0.5 gm. 


Pure distilled water 500.0 c.c. 

Stock solution b 

Azure ^-5 8’^- 

Pure distilled water 5 ^^-^ 

Stain 

Solution A 10 c.c. or 12 c.c. according to material 

Solution B 10 c.c. or 9 c.c. according to material 

Distilled water 100 c.c. 


Mix the eosin solution and the water first, and then add the azure solution. 
A noticeable precipitate should not form for several hours. Leave slides upright 
in the stain for twenty-four hours. Transfer from the stain to 95 per cent or 100 
per cent alcohol to differentiate and dehydrate. Finish the dehydration in a 
second 100 per cent alcohol. Clear in xylene and examine under a microscope. 
The slides can be further differentiated in 100 per cent alcohol if necessary. 
Mount in pure, petrol ether-extracted damar, evaporated to dryness and redis- 
solved in xylene C.P, 

By this staining combination the chromatin of the nuclei is dark blue, 
nucleoli are purple and leucocyte granules are differentially stained in 
colors corresponding to those given by Giemsa. Mast granules may be 
dissolved away by prolonged treatment in watery fluids. The azure Il- 
eosin solution may be used without hematoxylin. Also, DelafielcFs hema- 
toxylin may be used in this way preceding such stains as Dominici and 
Giemsa.^^ 

b. May-Giemsa is used in a way very similar to that described for 
bloodfilms: May-Griinwald (diluted) five minutes, Giemsa (1 drop to 
1 c.c. distilled water) fifteen minutes. Then wash the section in water, 
dehydrate in 95 per cent and 100 per cent alcohol and clear in xylene. 
If the section has taken too blue a tone, the eosin color can be brought 
out by washing in very dilute acetic acid before dehydrating. Another 
useful variation is the use of acetone for dehydration and cedar oil fol- 
lowed by xylene for clearing. May-Giemsa is a satisfactory stain only 
on material which is very wefl fixed. 

The modifications of Giemsa, panchrome and Kardos, are also excel- 
lent stains for sections. 

c. Donunici^^ requires the use of two solutions. First, stain for six or 

®®We wish to express an obligation to Dr. Maximow for checking this description. 

*‘MDominici, M, Compt. rend, Soc. de bioL, 54: 221, 1902. 
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seven minutes in an eosin-orange G solution (eosin i/^ gm,, orange G 
Vt distilled water 100 c.c.) . Rinse off the excess stain in distilled 

water but do not leave the section in water long enough to fade. Then 
stain in 0.5 per cent aqueous toluidine blue solution for twenty to thirty 
seconds. Rinse in distilled water and differentiate in 95 per cent alcohol, 
controlling the result by a rapid glance at the preparation under a micro- 
scope. Finish the dehydration with 100 per cent alcohol and clear in 
xylene. Eosin B. A. of the Hollborn dyes and yellowish eosin of the 
American dyes are good in this stain. 

Variations can be made by using acid fuchsin (0,5 gm.) in place of 
eosin, or azure A (0.1 per cent aqueous) in place of toluidine blue. 

Another variation is the use of phloxine-orange G, suggested by 
Conn. It is recommended especially for material on which a brighter 
pink than eosin is desired, or for formalin material on which eosin- 
orange G does not take. Suggested proportions are phloxine 0.12 gm., 
orange G 0.30 gm. and distilled water 100 c.c. Use with toluidine blue as 
above. 

d. Phloxine-azure (Haynes) is a modification of Mallory’s phloxine- 
methylene blue. Use after Bouin or Zenker fixation. Stain in s.5 per cent 
aqueous phloxine solution for fifteen minutes. Wash in water and stain 
in 0.1 per cent aqueous solution of azure A for thirty minutes. Wash in 
water and differentiate in 95 per cent alcohol with a few drops of xylene- 
colophonium. Finish the dehydration with absolute alcohol and clear 
in xylene. 

e. Methyl green-pyronin (Pappenheim) is particularly brilliant 
on sections of spleen and lymph nodes because it gives a bright red color 
to the cytoplasm of large lymphocytes and plasma cells. It is especially 
valuable when it is desired to distinguish between chromatin and other 
basophilic materials in the cell, as the method is specific for chromatin. 
The latter is stained a dark, greenish-violet color, while other basophilic 
constituents of the cell are colored red with the pyronin of the mixture. 
The nucleolus is red if of basic staining reaction and colorless if acid. The 
method is, therefore, a very convenient one for distinguishing between 
chromatin and nucleolar material. It should be used after Zenker-formol 
or alcohol fixation. It cannot be used after formalin alone. Grawitz 
formula follows: 


Solution A 

Phenol crystals, liquefied 0.25 gm. 

Distilled water 100.00 gm. 

Methyl green 1.00 gm. 


Haynes, R. Stain Technology, 1: 68, 1926. 

““ Pappenheim, A. Virchows Arch., 157: 19, 1899. 
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Solution B 

Phenol crystals, liquefied 0.25 gm. 

Distilled water 100.00 gm, 

Pyronin 1.00 gm. 

Stain 

Solution A 15 parts 

Solution B. . • 35 parts 


After several weeks or months a precipitate may form in the staining 
solution. Stain for about six minutes. Rinse briefly in distilled water, de- 
hydrate in acetone, and clear in cedar oil followed by xylene. 

The formula already given is adapted to Griibler dyes. Modern pyro- 
nins have more staining strength so that the amount of methyl green 
should be increased in proportion. Pyronin Y of the National Aniline 
and Chemical Company gives satisfactory results when made up by the 
Unna-Pappenheim formula, methyl green being added. Unna-Pappen- 
heim formula with 0.35 gm. of extra methyl green: 


Methyl green 0.50 gm. 

Pyronin Y 0.25 gm. 

Alcohol 2.50 c.c. 

Glycerine 20.00 c.c. 

0.5% carbolized water to 100.00 c.c. 


Stain five minutes or more. The time should be carefully adjusted as one minute 
makes a difference. 

/. Alcoholic thionin (50 per cent alcohol saturated with thionin) is 
used on material which has been fixed in absolute alcohol for the pres- 
ervation of mast cells. Stain for twenty-four to forty-eight hours in a 
covered dish. A solution which acts more quickly can be made by adding 
4 drops of 2 per cent Na2C03 to 20 c.c. of the thionin solution and leav- 
ing it overnight. The solution should be filtered before use. Stain for 
ten to twenty minutes, Thionin is a metachromatic stain and colors 
nuclei blue and mast cell granules a brownish-red to violet or purple 
color. 

g. IncluUn'aurantta-eosin (Ehrlich)*^^ and Ehrlich’s triacid-toluidine 
blue have their greatest usefulness on marrow smears and similar mate- 
rial fixed in Zenker-formol. 

The mdulin-eosin formula is as follows; 


Indulin 2 gm. 

Aurantia 2 gm. 

Eosin 2 gm. 

Glycerin, pure 30 gm. 


Di.ssolve the mixture in the oven at about 4o°c. Keep the stain well stoppered. 
^Krause, R. Enzyklopadie der Mikroskopischen Technik, Berlin, 1926, p. 1049. 
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To use, cover a smear with stain and place it in an oven at 40 °g. for four to 
five and one-half hours. Rinse in distilled water. Dehydrate in 95 per cent and 
100 per cent alcohol. Clear in xylene. This stain gives an excellent differential 
result on granules. Preparations keep well. 

h. Ehrlich's triacicUoliiidme blue is one of the most brilliant stains 
for bone marrow cells. According to our experience, it fades in a year or 
two. The triacid stain is discussed in connection with dry blood films. For 
smears fixed in Zenker-formol the following procedure is used: Place the 
smear in triacid for five minutes, rinse briefly in distilled water and stain 
in 0.5 per cent aqueous toluidine blue for ten seconds. Then rinse again 
in water, dehydrate beginning with 95 per cent alcohol and clear in 
xylene. 



HISTOLOGICAL TECHNIQUE FOR THE STUDY OF BONE 
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General considerations 344. Preparation of sections of whole bone without 
decalcification 345. Preparation of bone from which organic matter has been 
removed 345. Decalcification 346. Isolation of bone corpuscles 348. Isolation of 
lamellae 348. Staining 348. Demonstration of calcified tissue in bone 349. Dem- 
onstration of lacunae and canaliculi 349. Demonstration of processes of young 
osteoblasts in growing area of bones 351. 

I. GENERAL CONSIDERATIONS 

Histological methods which have been devised especially for the 
study of bone, in general have to do with the removal from this tissue 
of the lime salts with which it is impregnated, and which, unless they 
are removed, make it impossible to cut the bone into sections for study. 
These methods depend for their efficiency on the solubility of the tertiary 
phosphate and the carbonate of fcaicium in strongly acid solutions and 
are equally efficacious, and satisfactory in that they remove the inorganic 
material from the bones and leave the tissue softened and in a proper 
state for cutting. The majority, however, fail because the strongly acid 
solutions so sear the soft tissues to the calcified structures, and cause so 
much destruction and shrinkage as to make the normal structure and 
relations of the cellular tissue highly conjectural. In order to obviate this 
difficulty many authors have suggested the use of weak organic acids. 
While decalcification with the latter allows the preparation of much 
better sections, both of the calcified and soft tissues, it is extremely time 
consuming, and requires a great deal of patience in application. The 
good results obtained by the use of these weak decalcifying agents, never- 
theless, are worth the time and patience required. 

It must not be forgotten in this connection that certain reagents used 
for fixation or hardening soft tissue, will, if their action is long enough 
continued, decalcify even quite large calcareous bodies. This action is 
dependent on the presence or evolution in them of small amounts of one 
acid or another, and may be abolished by neutralization. 

The calcified part of bone is studied by methods which have been 
devised for making it visible after destruction of the organic adnexa. 
Moreover, certain special ways have been worked out for the easy demon- 
stration of some of the structures peculiar to osseous tissue. 

Bits of bone which are sufficiently small and included in soft tissue 
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may be cut after being imbedded in celloidin but they will invariably 
destroy the edge of the knife, which will require constant sharpening. 

11. PREPARATION OF SECTIONS OF WHOLE BONE WITHOUT 
DECALCIFICATION 

The following method was worked out by Grieves for the study of 
dental tissues and is eminently satisfactory for preparing sections of bone 
with the soft tissues attached: 

1. Small bones or pieces of bone with marrow or other soft tissues are fixed 
for twenty-four to thirty-six hours in formalin lo per cent or other desired 
fixing agent. 

2. Wash in running water twenty-four hours, then one hour each in 2 
changes of distilled water. 

3. Dehydrate in graded alcohols beginning at 50 per cent. 

4. Treat with absolute alcohol and chloroform, equal parts, two hours. 

5. Follow with chloroform two hours. 

6. Pass the tissue into solutions of window glass rosin^ in chloroform as fol- 
lows: Two hours each in 5 per cent and 10 per cent solution, then into a 
saturated solution until it becomes transparent. Finally the tissue is imbedded in 
rosin in the following manner: 

Three small glass dishes containing melted rosin are maintained in that 
condition on a copper bar, and the bone is passed through them, remaining one 
minute in each. Evaporation of any chloroform remaining from the final solu- 
tion of rosin in chloroform occurs during this process. The block is then al- 
lowed to cool and is ground as thin as possible by hand on carborundum stones. 
One surface having been polished on a fine hone, it is fastened to a warm 
glass slip with a bit of melted rosin, care being taken to exclude air bubbles 
between the section and the slip. It is then rubbed down to the desired thin- 
ness, The remaining surface having been polished on a very fine hone or on 
glass, the section is ready to be treated by the method of staining described 
below. All grinding must be done under lukewarm water. 


HI. PREPARATIONS OF BONE FROM WHICH THE ORGANIC 
MATTER HAS BEEN REMOVED 

These are made by digestion in alkalies, or by tryptic digestion, by 
calcination, by drying in air or in sand, through the agency of insects as 
by exposing the tissue to ants, by bacterial action involving putrefaction 
and by autolysis. Perhaps the best method for accomplishing this result 
is to trim and scrape all the soft tissue away from the bone which may 
or may not be split. The bone is then placed in tap water or in a weak 

^ Window glass or water white “rosin” (not resin) is a very pure transparent pine 
rosin used in dental technique and may be obtained from dealers in dental supplies. 
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(2 per cent) solution of gelatin to which a loopful of a culture of b. coll 
has been added. In about five or six days the bone is removed from the 
culture and thoroughly rinsed in running water for twenty-four to forty- 
eight hours. All the organic matter will, as the result of this procedure, 
have been dissolved and washed away. The whole process should of 
course be carried out in an unfrequented and well-ventilated place as the 
odors evolved during putrefaction are intolerable. It is as well to sterilize 
bones so prepared, by boiling, or by immersion in alcohol before going 
further with their treatment. When the bone has dried completely it may 
be sawn into sections, which may be ground to the requisite degree of 
thinness either by hand or on such an apparatus as Coriel’s laps or on 
Black’s instrument. The finished section should be polished on glass or 
a fine hone and after dehydration in ether should be mounted, when 
thoroughly dry, in thick balsam and covered. 


IV. DECALCIFICATION 

I. With Solutions of Inorganic Acids. Hydrochloric acid has long 
been used for decalcification in i to 2 per cent and 3 per cent watery and 
alcoholic solutions and in 5 per cent solution in glycerin. Its action is 
veiy rapid but it is not to be recommended as it swells the tissues greatly 
and I do not feel that such substances as salt, chromic acid or alcohol 
have any effect m preventing the results of its deficiencies. I have had no 
experience with mixtures with palladium chloride. 

a. Nitric Acid. Like hydrochloric acid, nitric acid can be recommended for 
use only when very large masses of bone are to be decalcified very rapidly It 

pi'cS ."of.;" ■ “ ■” ■>" alcoLic ('o 

per cent or 95 per cent) or watery solution which should be changed every dav 

A(« decldfiction .to. « b. „,h.d in running w.Sr .nfu™! 

t^briiirthe which should be changed three times. It is better 

to bring the tissue into 95 per cent alcohol before putting it into the decalcifying 

b. Sulphuric acid is perhaps the poorest decalcifying agent. 

is saVto^rr"' T- szxnr^^ttd solution after fixation in formalin. It 
IS saia to preserve tissue well. 

O.het tr'”"" softening large masses of bone is to be preferred to any 

other. It may be used m water solution but is best at a i to 5 per cent strength 

cZ Tu ■ Decalcification in 5 per 

Tone atmeT“ “ even when large mass«"of 

extensive experimentation with many 
methods of decalcifying bone the writer has come to rely on prolonged 
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immersion in Muller's fluid as the best and most reliable means. The 
decalcification is effected through the liberation of small amounts of 
chromic acid from the potassium bichromate in the solution. Bones are 
sawn or cut into pieces or split and allowed to remain in formalin (lo 
per cent solution) for seventy-two hours and then immersed in Muller’s 
fluid and kept in it until they bend or can be pierced easily with a needle. 
The fluid should be changed occasionally but not too frequently, not 
oftener than once in two weeks, since more frequent changing slows the 
decalcification very much. Decalcification by this method is very slow but 
the results obtained through its use fully compensate for the delay. Re- 
moval of the lime from the bones of a normal adult rat occupies from 
twenty-one to thirty days in Muller’s fluid. The process may be hastened 
somewhat by being carried out in an incubator at 37°c. Over-decalcifica- 
tion is practically impossible in this fluid. This is the only decalcifying 
agent which allows the determination of the amount of osteoid tissue 
present in the bone during life, since all lamellar substance which was 
calcified is basophilic and stains a more or less intense blue with hema- 
toxylin. Osteoid tissue alone is acidophilic. Soft tissues are beautifully 
preserved. This fluid may be followed by almost any stain including 
those used for coloring mitochondria. 

a. Chromic acid is often recommended alone and in mixtures with other 
acids as a decalcifying agent, e. g., equal parts of 3 per cent chromic acid and 
1 per cent hydrochloric acid. Solutions containing chromic acid alone are very 
weak agents and cause much shrinkage. One-half per cent is the best solution 
to use. Mixed with other acids chromic acid fails to prevent undesirable effects. 
The following acids are used as indicated: 

b. Picric acid in saturated solution is very weak but can be used for small 
objects. 

c. Phosphoric acid is used in lo per cent to 15 per cent solution. This acid 
ruins staining possibilities in most tissues. For very small bones it may be taken 
in solutions of 0.5 per cent. 

d. Lactic acid in solutions of 10 per cent strength is recommended by some 
workers. This acid causes much swelling. 

e. Arsenic acid. 5 per cent is the strength recommended in which this acid 
should be used. I have no experience with results from decalcification by this 
substance. 

Trkhloractic acid decalcifies in 4 to 5 per cent solution. 

3. With Phloroglucin. 

Phloroglucin is always used in combination with acids such as hydrochloric, 
nitric, or sulphuric. It is not a decalcifying reagent but protects soft tissues 
against the strong acids and allows their use in high concentration. A saturated 
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solution of phlorogliicin is made, and to it are added 5 to 40 per cent of nitric 
acid. After decalcification the bone may be washed in running water. Another 
good formula is the following: 


Nitric acid 5.0 c.c. 

Phloroglucin ■ 70.0 c.c. 

Alcohol 1.0 gm. 

Distilled water 30.0 c.c. 


The latter decalcifies somewhat more slowly. 

4. With Magnesium Citrate. 

Kramer and the author have evolved a method of decalcification in neutral 
solutions which is very satisfactory for small pieces of material which have been 
fixed in formalin. This method depends on the solubility of tertiary calcium 
phosphate in water in the presence of citrate of magnesia. The reagent is pre- 
pared as follows: 80 gm. of citric acid are dissolved in 100 c.c. of hot water; 
4 gm. of magnesium oxide are added and the mixture is stirred until a complete 
solution is made. Cool and add 100 c.c. of ammonium hydroxide (density 0.90) 
and dilute to 300 c.c. Allow to stand twenty-four hours and filter. (If the mag- 
nesium oxide contains much carbonate it should be freshly ignited.) Titrate 
with 5N/hydrochloric acid to approximately pH 7.0 — 7.6 and add an equal 
volume of distilled water. This solution should be changed every three days. It 
decalcifies with moderate rapidity (fifteen days for a dog’s rib) and preserves 
the architecture of soft tissue very well. Best results are obtained by using large 
quantities of the solution. Ammonium citrate has been used for the same 
purpose. 


V. ISOLATION OF BONE CORPUSCLES 

This is easily carried out as follows: A thin section of bone is put into con- 
centrated nitric acid for from a few hours to a day. The section is then placed 
on a slip with a cover glass over it. Pressure on the cover will squeeze out the 
ellipsoid bone cells with their processes. 

VI. ISOLATION OF LAMELLAE 

This may be accomplished by decalcifying bones and then allowing them to 
simmer in water. The lamellae will peel off readily after this treatment, often by 
themselves. 

VIL STAINING 

To prepare bone, there would seem to me to be no better fixative 
than a 10 per cent solution of formalin. Almost any method which can 
be applied to any other material may be used to color sections of osseous 
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tissue. For ordinary purposes the writer knows o£ none which give better 
results than hematoxylin and eosin, although some prefer carmine as a 
contrast stain. Iron hematoxylin and phosphomolybdic hematoxylin give 
very beautiful preparations. Celloidin is much to be preferred to paraffin 
as an imbedding matrix. 

VIII. DEMONSTRATION OF CALCIFIED TISSUE IN BONE 

To demonstrate the calcified tissue in bone, special stains for osseous 
tissue are used. The lamellar tissue which was impregnated with lime 
during life is basophilic after decalcification in Muller’s fluid or mag- 
nesium citrate and is colored blue by hematoxylin, blue-black by phos- 
phomolybdic and black by iron hematoxylin, etc., but the most con- 
venient method of demonstrating the extent of calcification is that of 
V. Kossa. This depends on the formation and reduction of silver phos- 
phate or carbonate and the precipitation of metallic silver under the in- 
fluence of light. It may be carried out with frozen or celloidin sections 
or with the surfaces of blocks of fresh bone. Material as described above 
is immersed in a i per cent solution of silver nitrate, after washing in 
distilled water to clean the tissue of blood or debris. It is then exposed 
to the full light of an arc or tungsten filament in the niti'ate solution and 
allowed to remain until no further blackening occurs. It should be re- 
moved before the soft tissues begin to turn brown. This staining does not 
penetrate deeply into the bone. The tissues must not have been exposed 
to acids before immersion lest some of the lime salts be removed, but they 
may be decalcified after the precipitation of the silver since the latter 
metal remains in situ in spite of the removal of the calcium. Prepara- 
tions made by v. Kossa’s method are not permanent, but they may be 
kept a few months if they are well washed in distilled water and treated 
with sodium thiosulphate to remove the excess of silver salts after im- 
pregnation* 

IX. DEMONSTRATION OF THE LACUNAE AND CANALICULI 

The simplest method of demonstrating the lacunae and the canaliculi 
of dried bone is as follows: i. Sections of bone ground to required thin- 
ness are placed in 0.75 per cent silver nitrate solution and allowed to 
remain twenty-four hours. After washing the section, polish it on a fine 
hone to remove the precipitated silver, dehydrate in alcohol and imbed 
in balsam from xylol. Lacunae and canaliculi are black or yellowish 
brown. 

1. Impregnation with Acid Fuchsin. Thin sections of dried bone 
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are extracted with alcohol and dried thoroughly. They are then put in 
watch crystals containing a 20 per cent solution of acid fuchsin. The 
dishes are placed in a desiccator which can be connected to a suction 
apparatus. The air is extracted for about an hour and the desiccator 
locked. After twenty-four hours the solution will have dried. The sections 
should be removed and the superfluous precipitate rubbed off on a fine 
carborundum stone. They should then be polished on a hone and passed 
through xylol to be mounted in damar or balsam. 

2. Methods for Staining Linings of Lacunae and Canaliculi. 
The linings of the lacunae and canaliculi can also be stained beautifully 
by the following: 

a. Krause's Method for Frozen Sections. 

(1) Gram’s solution, 25 c.c. Water, 25 c.c, one-half hour. 

(2) Wash. 

(3) Gold chloride 2 per cent solution until the sections are yellow. 

(4) Wash and reduce in a 2 per cent solution of resorcin, one to two hours. 

(5) Wash. 

(6) 5 per cent solution of hyposulphite of soda, fifteen to thirty minutes. 

This method is recommended by Krause for frozen sections. 

Of the two staining methods described by Schmoii the writer has 
found the second by far the more satisfactory. The methods are given 
as the writer has used them: 

b. Sections in Celloidin (Modified Schmorl Methods). 

First Method. 

(1) Fix in formalin. 

(2) Decalcify in Muller’s fluid. 

(3) Wash, dehydrate and imbed in celloidin. 

(4) Wash in water thirty minutes. 

(5) Stain in the following solution for ten minutes: 


Saturated solution of thionin in 50 per cent alcohol 2 c.c. 

Water. 10 c.c. 

(6) Wash. 


(7) Decolorize (one-half to one minute in a saturated solution of picric acid). 

(8) Wash. 

(9) Treat with 70 per cent alcohol until the color ceases to come off rapidly. 

(10) Dehydrate in 95 per cent alcohol. 

(11) Clear in oil of origanum. 

(12) Mount in damar. 

Second Method. 

(1) Fix in any fluid not containing mercury. 

(2) Decalcify in Midler’s fluid. 

(3) Wash in running water. 
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(4) Dehydrate, imbed in celloidin, cut sections not over lOju. 

(5) Stain in thionin solution made alkaline with 2 drops of ammonia. 

(6) Transfer with a glass needle to a saturated solution of phospho tungstic or 
phosphomolybdic acid until the sections are blue or gray or green. 

(7) Place in water until sections are sky-blue. 

(8) Transfer into the following solution for three to five minutes: 


Ammonium hydroxide 1.0 c.c. 

Water 10.0 c.c. 


(9) Pass through several changes of 90 per cent alcohol and into 

(10) 95 per cent alcohol. 

(11) Clear in carbol xylol. 

(12) Mount in damar. 

This method is recommended for the bones of children. 

X. DEMONSTRATION OF THE PROCESSES OF YOUNG OSTEO- 
BLASTS IN THE GROWING AREA OF BONES 

Thin slices of bone from a rickety animal are cut and treated in the 
manner following: 

(1) Place in a 4 per cent solution of citric acid in distilled water for twenty 
to thirty minutes in the dark. 

(2) Rinse in distilled water, 

(3) Transfer to a 1 per cent solution of gold chloride in distilled water in 
the dark for twenty to thirty minutes. 

(4) Place in a 33 per cent solution of formic acid in the dark for forty-eight 
hours. 

(5) Rinse in distilled water. 

(6) Preserve in pure glycerin. 

Frozen sections should be made and mounted in glycerin. Ring the 
cover with damar, balsam, paraffin or cement. When not in use the slides 
should be kept in the dark. 

I. Grieves’ Stain for Sections of Hard and Soft Tissues. The 
slide prepared as described above is rinsed in distilled water and treated 
as follows: 

(1) 20 per cent alcohol fifteen minutes. 

(2) Stained in cresylechtviolet solution twelve to twenty-four hours according 


to the thickness of the section, 

(a) Stock solution of cresylechtviolet 1 part 

(b) Distilled water 99 parts 

The stock solution of the dyestuff is made as follows: 

Cresylechtviolet 1 gm. 

Phenol (5 per cent solution) . . 50 c.c. 

Alcohol 95 per cent, . 20 c.c. 
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The dye shouki be thoroughly suspended in the phenol before the alcohol 
is added. 

(3) Rinse in distilled water. 

(4) Differentiate in acetone. 

(5) Clear in bergamot oil and creosote. 

(6) Mount in daniar. 

The acetone differentiates the stain, dehydrates the section and dissolves the 
rosin with which it was impregnated. 



TECHNIQUE FOR THE STUDY OF DENTAL TISSUES 
H. R. Churchill and J. T. L. Appleton 

By the “dental tissues” we mean: (i) the enamel cuticle or Nasmyth’s 
membrane; (2) the enamel; (3) the dentine; (4) the pulp; (5) the 
cementum; (6) the dental periosteum or periodontium; (7) the epi- 
thelial attachment; (8) the marginal aspect of the gingiva and (9) the 
alveolar bone. The structures 5-9 form a functional unit whose task is 
to resist the physiological forces applied to the tooth. It is by means of 
the latter tissues that a tooth is attached to the jaw. Collectively they 
are called the attachment apparatus or parodontium. 

The chemical composition, the physical nature and the structural 
arrangement of the dental tissues present difficulties in their histological 
examination which are met in various ways. 

Many structural details of enamel, dentine, cementum and alveolar 
bone can be identified in sections prepared by grinding. 

To study the relations of the hard structures to the pulp or those of 
the tooth proper to its attachment apparatus it is necessary to use some 
decalcifying method followed by microtome sectioning or some method 
of petrifaction followed by grinding. 

A. EXAMINATION OF THE TOOTH AS A WHOLE 

I. Simple Grinding. If it be desired to preserve the enamel, the 
specimen should at no time be allowed to become dry. Drop the tooth 
into a neutral physiologic sodium chloride solution with 4 per cent 
formalin, immediately after removal from the body. If the grinding is to 
be done within a few hours, the physiologic solution alone will do. Di- 
vide the tooth in the plane of the section by cutting it with a fine saw 
while it is held in a vise between two pieces of cork. 

The grinding can be done in three ways: 1, by hand on a flat car- 
borundum stone; 2, on a carborundum wheel driven by a motor; or 3, 
between two plates of frosted glass. The combination carborundum stone 
No. 108 (5 cm. X 120.4 cm.) is very satisfactory for hand grinding. On 
one side is grit No. 120, on the other 2 f. The coarser grit should be used 
only long enough to get the two sides of the tooth parallel, then the 
grinding should be continued on the finer side. The surface should be 
constantly flooded with water. A good way is to lay the stone in a glass 
photographic developing tray of sufficient size, with a blotter on the 
bottom, to keep the stone from slipping. Water can be kept in the tray 

353 



354 ' 


MICROSCOPICAL TECHNIQUE 


almost to the level of the upper surface of the stone. From this as a 
reservoir the surface can be frequently flooded. When the section has 
almost reached the desired thickness, it should be transferred to a very 
fine stone (carborundum, *‘6o minute” grit or an Arkansas stone) for 
final polishing. Polishing can also be done on plate glass with a thin 
paste of the finest precipitated chalk. The specimen, while it is being 
moved back and forth, is conveniently held by a cork, in size large enough 
to cover the specimen and about lo to 15 mm. high, which permits the 
fingers easily to take hold. The grinding should never be so fast as to 
cause cracking. The optimum rate is learned only by practice. If one side 
of the tooth is being ground down more quickly than the other, this can 
be corrected by altering the direction of pressure on the cork. 

When the polishing is completed, transfer the section by means of a 
camel’s hair brush and section lifter to a dish of clean distilled water, 
and there thoroughly free it from the debris of grinding. Several changes 
of water are necessary. Then pass the section through the alcohols, into 
xylol and motint in balsam. It is often well to hold the cover glass down 
gently with a wire spring until the balsam has hardened. 

The interglobular spaces in the dentine and the branchings of the 
dentinal tubules will be rendered more conspicuous if they contain air 
before the balsam is added. Consequently for this purpose remove the 
section, after immersion in 95 per cent alcohol, to the slip, and blot 
firmly against it. If the air of the laboratory be dry, exposure for an hour 
or two, before putting on the balsam and cover glass, will suffice. In this 
case the wire spring to hold the cover glass in place will be almost in- 
dispensable, because on drying, the section, if very thin, usually becomes 
warped, which is highly undesirable for microscopic examination. It 
should be remembered that cracks usually appear, particularly in the 
enamel, when the section is allowed to become dry. 

2. Grinding against a Revolving Wheel-stone. The grinding can 
be greatly accelerated by the use of motor-driven, wheel-shaped stones 
with a coarse and a medium grit wheel. The position of the stone may be 
either vertical or horizontal. The grinding is done against the flat surface 
of the wheel, which should, before use, be “trued” by holding against it 
while rapidly rotating a “trued” flat carborundum stone of the same grit. 
^ A constant flow of water should be kept over the surfaces in contact. The 

stone can be kept moist at this time and for the grinding of the tooth by 
means of a simple system, consisting of a small, fine-pored sponge lightly 
%; held in contact with the revolving stone and supplied with water through 

^ a small-bored tube. The flow of water can be regulated by means of a 

screw pinch-cock when the connecting tube is of rubber. The “trueing” 
of the carborundum wheel heed be done only when first purchased. 
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The coarser stone should be used only until the surfaces of the tooth 
are parallel. Most of the grinding will be done with the medium stone. 
At first it will be easier to hold the specimen with the fingers, but when 
the surfaces are once parallel, holding by means of the cork can be sub- 
stituted. During the grinding the tooth should be constantly moved back 
and forth along the line of a radius of the stone. The speed of rotation 
should not be great and the specimen should not be pressed tightly 
against the cutting surface. It is of advantage to be able to increase the 
speed of the motor gradually. 

The final polishing must be done by hand on a very fine stone. 

Sections of the hard dental tissues may be ground between two plates 
of ground or frosted glass. The larger, ca, 8 inches square, is placed, 
smooth side down, on a wet towel or a wet piece of newspaper, one layer 
thick, to keep it from sliding. On the upper surface is placed a pinch 
of finely powdered glass or pumice stone or carborundum powder with 
plenty of water, and one surface of the specimen is ground flat. The speci- 
men is held in the fingers and a broad, rotary motion is used. When one 
surface has been ground flat, the specimen is turned over and the other 
surface is flattened. The specimen must be held in the fingers until the 
section is 0.5 mm. or less thick. Then the upper square of frosted glass 
(ca. ^ inches square) , smooth side up, is put over the specimen and water 
run in from the side so that almost the whole space between the two 
pieces of glass is filled with water. The abradant should be used spar- 
ingly. The upper plate, held with the fingers, is then moved with a 
broad, not too rapid rotary motion. The specimen is easily seen through 
the upper piece of glass. Grinding is continued until the section almost 
falls apart. When this is likely to happen can only be learned by ex- 
perience. Considerable practice should be acquired, in this method as 
well as in any other grinding method, before one begins to work with 
important or valuable specimens. The section is removed carefully for 
final polishing on a very fine stone, by hand. 

Hand ginding is tedious and grinding against a motor-driven wheel as 
just described is almost as bad. Consequently several machines have been 
devised to make the operation as automatic as possible.^ 

The principle underlying the construction of these machines is the 
same. The motor-driven grinding stone is fixed in a vertical position at 
one end of a lathe. 

^ Allen, F. W. Denial Cosmos, 45: s';, 

Black, (;. V. In: Noyes, F. B. Dental Histology and Embryology. Ed. 2, Phila., 
1915. Appendix C::hap. i, pp. 381-401. 

Patten, B. M., and C^hase, S. W. Anat. Rec., 30: 123, 1925. 

Boedeker, Ck F. Fundamentals of Dental Histology and Embryology, N. Y., 1926, 
p. 228. 
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Tlie carrier is affixed to the end of a horizontal shaft, held without 
play in a casing which slides on the lathe. This shaft can move freely 
to or from the stone. The other end of the shaft connects with a spiral 
steel spring. This maintains a constant but slight pressure of the specimen 
against the grinding surface. The spring can be set to vary the pressure 
as desired. A set-stop, calibrated to represent the thickness of section in 
micra, can be adjusted so that when the desired thickness is reached the 
spring no longer acts and grinding stops. The section is then removed 
from the carrier by some balsam-solvent, polished by hand, and mounted 
as desired. 

In these machines, the lathe should be heavy in order to minimize 
vibration and its parts should permit as little play as possible. An abun- 
dant supply of cold, preferably iced, water should flow over the stone 
and the specimen. 

The specimen is prepared for the grinding process as follows: One 
side of the specimen is ground flat and polished. This side is cemented 
by balsam to a brass section-holder. Several sections may be so cemented 
at one time. The “proper ’ consistency of the balsam is of the utmost 
importance. It should be just thick enough to become solid, but not 
brittle, in ice water. If the balsam is too thin; the slice will '‘creep” on 
the surface of the object disc during grinding. If it is too thick it becomes 
brittle and the slice breaks from the object disc. The most desirable 
consistency seems to vary considerably in difterent lots of balsam and can 
be determined only through personal experience. Black stated that it 
should be stiff enough to move sluggishly at i io°f., but fluid at i 2 o°f. 
or 130‘^F.'^ 

For the purpose of cementing the specimen to the section holder, 
Chase*^ has used an adhesive cement composed of dissolved celluloid in 
place of Canada balsam, and finds it much more satisfactory. The cement 
may be made by simply dissolving clear celluloid in acetone until the 
consistency is that of table syriip, or a better and more convenient 
cement may be bought in tubes under the name of Dupont’s Household 
Cement. This adhesive has several advantages over balsam: it is easily 
and inexpensively procured and kept; it is uniform in quality; specimens 
affixed by it may be ground in the presence of water at room tempera- 
ture; it does not fill and clog the surface of the wheel or bone as rapidly 
as does balsam; one can be practically certain that the specimen will re- 
main attached to the mount throughout the grinding process, if the 
cement is properly used. The following technique for the use of “House- 
hold Cement” is employed in his laboratory: 

® Patten, B. M., and Chase, S. W. Anat. Rec., 30: 123, 1925. 

•''Chase, S. W. /. Dental Research, lo; No, 5, iQSO- 
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(1) Fix the specimen or not as desired. 

(2) Grind and polish one face of the specimen at the desired plane of section. 

(3) Clean the polished surface with water, rubbing gently with a cloth free 
from lint. 

(4) Dehydrate the specimen: twenty to sixty minutes each in 35, 50, 70 and 
95 per cent alcohols. 

(5) Acetone: twenty to sixty minutes. 

(6) Apply a thin film of Dupont’s Household Cement to the clean surface of 
the grinding mount. 

(7) Rapidly apply a similar film to the polished surface of the specimen. 

(8) Quickly press the specimen on the mount, using a slight rotary motion 
to ensure uniform union of the two films. 

(9) Immediately plunge the mounted specimen into chloroform where it 
should remain for at least thirty minutes. 

(10) Grind and polish in the constant presence of water. 

(11) Transfer polished thin section on mount to 95 per cent alcohol five to 
ten minutes. 

(12) Free the section from the mount by soaking in acetone. Wipe gently to 
clean. 

(13) Place the freed section in xylol for five to ten minutes. 

(14) Mount in Canada balsam. 

Note: Stains or other treatment may be applied between steps 10 and 12 or 
between 3 and 5. 

An objection to the grinding method as outlined above is that only 
one or two sections in parallel planes can be prepared from a tooth; how- 
ever, several longitudinal sections can be obtained from one specimen 
approximating the human tooth in size, by the use of various slicing 
machines devised for this purpose. Black^ recommended a motor-driven 
aluminum disc (copper is frequently used) (24 to 30 gauge and about 
^1/2 inches in diameter) . The tooth to be sliced is fixed in a brass tube 
slotted at the free end, with plaster of Paris or sealing wax. This tube is 
clamped into an object holder fixed upon the slide rest of the lathe. The 
object holder may be swung horizontally to any possible position in rela- 
tion to the aluminum disc. When set, the object is moved slowly against 
the revolving disc, which is fed with carborundum powder suspended in 
soapy water. 

The following technique for the rapid preparation of ground sections 
of individual teeth has been used by Johnston of the Dental Study Group 
at Yale University. 

After extraction the teeth are fixed in formalin until ready for cut- 
ting, The teeth are dried and affixed to the end of a wooden block by 

'‘Black, (i. V. In: Noyes, F, B, Dental Histology and Embryology. Ed. 2, Phila., 
1915. Appendix Chap. I, pp. 381-401, 
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modelling compound. The block is placed and firmly fastened in the 

tool holder of a power lathe/* 

Sections cut from the tooth by cutting wheels^* which are 4 inches in 
diameter and 0.01 to 0.02 inch in thickness. They have a 0.5 inch center 
hole for application to the drive shaft of the lathe. For a single section 
two wheels are used with a 0.01 inch space washer between them. Be- 
cause of the thinness of the cutting wheels they are supported on the out- 
side by steel washers. Three cutting wheels each spaced by washers, 
which determine the thickness of the section cut, will furnish two sections 
from the same tooth by the same operation. A multiplicity of sections 
may be obtained by the use of a continued series of cutting wheels over 
the width of the tooth. 

The tooth mounted on the wooden block is advanced on a screw drive, 
regulated by hand toward the cutting wheels, which are bathed by a con- 
stant stream of water. High speeds of the drive shaft should be main- 
tained and only sufficient pressure is placed on the advancing tooth to 
contact the cutting wheel. 

The foregoing technique produces a smooth, polished “ground sec- 
tion” in much less time than was previously consumed by the older 
grinding methods. 

Occasionally it is necessary to use a Belgian stone to smooth and thin 
the section. The sections are dehydrated in the usual manner with various 
grades of alcohol, cleared in xylol and mounted in balsam. 

3. Petrifaction Method. The methods of grinding sections so far 
considered permit only the examination of the hard substances of the 
tooth. It is obviously important for some purposes to have a method which 
will preserve the hard and soft dental tissues in their natural relations. 
In most instances this is accomplished by decalcification which, however, 
destroys in toto mature enamel. When it is desired to preserve all the 
dental tissues including enamel in one section, the only method available 
is that of petrifaction. This is usually known as the Koch-WeiF process, 
of which several modifications have been described. 

The object is cut by a saw or a slicing machine into sections as thin as 
the technician believes it to be possible without distorting the tissues. 
These slices are then fixed and stained in bulk. Grenachle/s alcoholic 

®Any stationary motor may be adapted for a drive shaft and a feed apparatus can 
be easily constructed. 

Cutting wheels have been obtained from the H. Allison Co., Bridgeport, Conn. 

*^8. \V. Chase (/. Dental Research, 10: No. 3, 1930) stated: “Weil’s (’87) more rapid 
evaporation of the balsam solvent was not an improvement of Koch’s method, as R5se 
(’92) has pointed out, and does not justify the usual practice of calling the method the 
Koch -Weil method. C.hristensen erred in ascribing the method to Weil (Dental Cosmos, 
36; 284-290, 1894) 
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borax-carmine for a fortnight or aniline blue-black have been recom- 
mended.^ After staining, dehydration is accomplished by gradually in- 
creasing strengths of alcohol. After removal from absolute alcohol, the 
pieces are cleared in oil of cloves or oil of cedar wood for twelve hours. 
The oil is quickly washed off with xylol and the pieces are suspended in 
pure chloroform for twenty-four hours. Then they are put in chloroform 
balsam for a day, when more dry balsam is added until the chloroform 
can take up no more. This occupies three to four days. Finally the con- 
tainer (an individual container for each specimen, made of heavy lead 
foil, is very useful— Boedeker) with the pieces is put over a water-bath 
whose temperature should not rise above go^c. A drying oven maintained 
at this temperature would be better. In two to three days (it may take 
much longer) when the thoroughly cooled balsam cracks like glass on the 
introduction of a needle point, the slices are removed and ground to the 
desired thickness by any of the grinding methods outlined above. The 
impregnation with balsam can be hastened if it be carried out in a partial 
vacuum chamber. 

A modification of this method, using celluloid in place of balsam, was 
introduced by Chase^ who pointed out the following advantages: 

(a) It is more rapid, requiring only days instead of weeks (though, as Rose 
(1893) has shown, too much celerity is undesirable). 

(b) It is not necessary to grind the specimen in the presence of ice water. 

(c) The celluloid does not clog the stones used in grinding and polishing as 
rapidly or as much as does balsam. 

The procedure used by Chase is indicated below: 

(1) Fix the part from which the section is to be taken as desired. 

(2) Wash according to the method of fixation used, and bring to a syrupy 
aqueous solution of gum arabic (or dextrin). 

(3) Freeze on the freezing chamber of a freezing microtome. 

(4) Cut a thin slice or slices, using a very fine saw. (Williams^® advises the 
use of a fine jeweler's saw.) 

(5) Wash the slice in water to remove the gum arabic. 

(6) Stains which can be applied in toto may be used here, e.g., carmine, 
hematoxylin, etc. 

(7) Ascending alcohol series to 95 per cent: thirty minutes to several hours 
each, according to the size of the slice. 

(8) Acetone: thirty minutes or more. 

(9) Place in a thin solution of celluloid (about the consistency of table 
syrup), using a depth of solution at least twice the thickness of the slice. A very 

® Hopewell-Smith, A. Dental Microscopy. Ed. 2, Phila., 1914, p. 48. 

® Chase, S. W. J. Dental Research, 10: No. 3, 1930. 

Williams, A. DejifaJ Cosmos, 69: 715-721, 1927. 
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convenient form of dissolved celluloid is the clear celluloid lacquer obtainable 
at any paint store, e.g., Duco, clear; Rogers Brushing Lacquer, clear, etc. 

(10) Leave the container open a mere crack, and allow the solvent of the 
lacquer to evaporate slowly at room temperature, until it will scarcely flow when 
the container is tilted steeply; then remove the slice with a considerable amount 
of surrounding celluloid solution to a smooth flat sheet of heavy lead foil 
(Boedeker, 1926, forms the container of lead foil), and allow to evaporate 
further until the celluloid matrix is completely hardened. 

(11) Grind and polish one face of the slice (in the presence of water) to the 
desired plane of section. Wash and wipe clean. 

(12) Attach to grinding mount with Household Cement as already described. 

(13) Grind and polish the section to the desired thickness (in the presence 
of water). Wash and wdpe clean. 

(14) Soak in acetone to remove the celluloid, and transfer to slide. 

(1 5) Flood with xylol to remove acetone. 

(16) Mount in Canada balsam. 

Note: Various staining methods may be applied by the drop method be- 
tween steps 14 and 16. 

4. Decalcification. Decalcification with hydrochloric or nitric acids 
is widely used to prepare specimens consisting of hard and soft tissues so 
as to retain the natural relations of their parts. The chief, or only, disad- 
vantage is the fact that this entails the loss of enamel. For most purposes 
however this is unimportant. Before decalcifying, the pieces should be 
cut with a fine-toothed jeweler’s saw into as thin slices as possible without 
distorting or tearing the parts to be studied. If it be desired to study the 
pulp in situ, it is best to grind away the enamel and dentine on a stone, 
using plenty of water, until the pulp is almost exposed in one or two 
places. The specimen is then fixed before putting it into the decalcifying 
solution. A relatively large volume of this should be used, and the speci- 
men should be exposed to its action no longer than necessary. 

Seidel has devised a special jar for decalcification, which seems to possess 
some advantages- It consists of a glass cylinder which has an outlet tube at the 
bottom and an inlet tube at top. Its cover is ground to form a tight joint. At 
half its height the cylinder is constricted to support a perforated glass plate on 
which the specimen is placed. The decalcifying fluid can be withdrawn and re- 
plenished with a minimum of disturbance to the specimen. Likewise the washing 
and dehydrating following decalcification can be performed. 

After decalcification the specimen may be imbedded either in paraffin, 
celloidin or celloidin and paraffin. In general the latter method of im- 
bedding is much to be preferred. 

5. Paraffin Technique, a. Manley^^ suggested the following method: 

Manley, E. B. Brit, Dental J., 6t>: 456, 1936. 
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(1) Fix in 10 per cent saline-formol, forty-eight hours. 

(2) Decalcify in 5 per cent nitric acid, use a large bulk of fluid and change 
frequently or use an agitator. (It is important to obtain complete decalcifica- 
tion; test with a new sharp needle and remove tlte tooth from the acid as soon 
as decalcification is complete. Four to eight days are usually sufficient.) 

(3) Wash in running water twenty-four to forty-eight hours. 

(4) Dehydrate in ascending grades of alcohol commencing with 50 per cent, 
twelve hours. 

(5) 70 per cent alcohol, twelve hours. 

(6) 90 per cent alcohol, twelve hours. 

(7) Absolute alcohol (1) twelve hours. 

(8) Absolute alcohol (2) twelve hours. 

(9) Absolute alcohol (3) twelve hours. (Thorough dehydration is very impor- 
tant and care should be taken to drain the vessel at each change of solution.) 

(10) Clear in xylol, removing as soon as clear; usually not more than twelve 
hours is required. 

(11) Transfer to paraffin wax 54°c. and leave for twelve hours. 

(12) Fresh paraffin, twelve hours. 

(13) Imbed in new paraffin, with the tooth diagonally across the block. 

(14) Sections may be cut on the Cambridge rocking microtome, using a very 
sharp flat razor. 

(15) Sections are mounted on slides by the albumin-gylcerin and water 
method and dried in the oven at 37° to 4o°c. 

b. The method which follows has been successfully used in our labo- 
ratory for the study of dentine and pulp in situ. 

(1) Place a freshly extracted tooth in 4 per cent formalin for twelve to 
fourteen hours. Clip the ends of the roots or drill a hole through the hard 
structure so that the formalin will reach the pulp. 

(2) Remove, dry on towel and touch the clipped ends or other openings to 
the pulp, with liquid celloidin in order to seal. 

(3) Dry quickly and place in a half-gallon bottle of decalcifying solution (10 
per cent hydrochloric acid C.P.) for ten days to two weeks or longer, trying with 
a sharp needle from the fiifth day on until entire specimen can be easily pierced. 

(4) Remove and wash in running water for twenty-four hours. 

(5) Place in 95 per cent alcohol for twenty-four hours. 

(6) Absolute alcohol five hours. 

(7) Chloroform one hour. 

(8) Chloroform and paraffin (melting point 45 °c.) equal parts, on top of 
oven in ground-giass stoppered bottle over night (oven 58 °c.). 

(9) Place in paraffin bath inside of oven. (Three baths one-half hour each 
for teeth, other tissues one hour. The melting points of the baths are 1: 42-46°, 
2: 52-56°, 3: 58-60°.) 

(10) Prepare the imbedding material by mixing 235 c.c. of paraffin (52-56°) 
with 15 c.c. of beeswax. Pour imbedding material in suitable boats and imbed 
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Specimen. When film of wax appears on top then sink boats in ice water to 
allows air bubbles to escape from tivssiies. Do not disturb for twenty to thirty 
minutes. 

(u) Chill knife and specimen with ice water before cutting. 

(12) Cut and float sections on top of hike warm water 

(15) Place sections on slide previously smeared with Mayer’s egg albumen. 

(14) Arrange sections in Pillsbury boxes and allow them to remain in oven 
over night at 58°. 

They are now ready for staining. 

6. Celloidin Technique. The following method is a modification of 
tlie technique developed by Mr. Basil B. Varian, technician in the De- 
partment of Anatomy, University of Pennsylvania, and has been carried 
out successfully in our work. 

Fixing mid Hardening: Fix in 4 per cent formalin. Add a buffer to 
the stock solution in order to counteract the acid present in the com- 
mercial product. 

The fixing fluid must have full access to the soft tissues. This end is 
accomplished by cutting off the apex of the tooth or drilling a hole 
through the crown to the pulp chamber. The time of fixation varies with 
the size of the specimen. In cases of single teeth, fix forty-eight hours. 
When fixing larger specimens containing teeth, bone and soft structures, 
the fixing time should be prolonged accordingly. Place in 80 per cent 
alcohol. 

Imbedding: 

Preparation of Parlodion: Rinse shreds of parlodion three times in distilled 
water. Place in oven over night. A 12 per cent solution is made as follows: 

Equal parts of absolute alcohol and ether are used as a solvent for the 
parlodion. (Absolute alcohol and ether are kept in separate containers, the 
bottom of which should contain anhydrous copper sulphate.) Various per- 
centages of parlodion in solution are made up from this 12 per cent solution. 


Solution 

Parlodion 

No. 1 . . 

.1/2 per cent 

No. 2 . . 

2 per cent 

No. 3. 

5 per cent 

No. 4 . , 

. 7 per cent 

No. 5. , 

. 10 per cent 

No. 6. . 

.12 per cent 


Procedure for imbedding a specimen consisting of teeth, bone and soft tissues: 

(1) From the 80 per cent alcohol the tissues are placed in 95 per cent alco- 
hol two weeks or longer, depending on the size of the specimen. 

(2) Absolute alcohol two weeks or longer. 
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(3) Absolute alcohol which has been exposed to anhydrous copper sulphate 
to insure absolute dehydration, two weeks or longer. 

(4) Absolute alcohol and ether equal parts (both are exposed to anhydrous 
copper sulphate before mixing) two weeks or longer. 

(5) cent parlodion one month or longer. 

(6) 1 per cent parlodion one month or longer. 

(7) 2 per cent parlodion one month or longer. 

(8) 5 per cent parlodion one month or longer. 

(9) 7 per cent parlodion one month or longer. 

(10) 10 per cent parlodion one month or longer. 

(11) 12 per cent parlodion one month or longer. 

(12) Thick parlodion is poured into a stender dish and tissue transferred 
from the 12 per cent parlodion to this thick solution. The height of the parlo- 
dion in the vessel should be twice that of the tissue to insure perfect im- 
bedding. The tissue is oriented in the position desired for cutting. The lid of 
the stender dish is placed on tightly to allow bubbles from the tissue to rise to 
the surface and thus permit even evaporation for twenty-four hours or longer. 
If bubbles are still present move tissue gently with the aid of needles to allow 
them to escape. 

(13) Place a thin strip of paper between lid and dish twenty-four hours or 
longer. 

( 14) Evaporation takes from five to seven days or more. The slower the evap- 
oration the better the results. Evaporation is continued until the parlodion has 
the consistency of hard rubber. 

(15) Place the block in 80 per cent alcohol for forty-eight hours or longer 
until ready for decalcification. 

(16) Trim block to suitable size making certain that the whole tissue is sur- 
rounded by sufficient parlodion to insure proper cutting. 

Decalcification: 

(1) Place block which has been in 80 per cent alcohol, in 10 per cent acetic 
or hydrochloric acid dissolved in 70 per cent alcohol (10 parts concentrated 
C2H4O3 or HCl in 90 parts 70 per cent alcohol. 

(2) Change daily for three weeks or longer until the specimen can be easily 
pierced with a needle. 

(3) After sufficient decalcification has taken place, spaces will be noticed in 
the parlodion where the calcified parts were present. Canals are drilled in the 
parlodion to reach these spaces. 

(4) Block washed twenty-four hours or longer in running water to remove 
decalcified matter. 

(5) Block now washed for twenty-four hours in a weak solution of sodium 
bicarbonate or lithium carbonate to neutralize the acid. 

(6) Washed in water tw^enty-four hours or longer. 

(7) Block placed in 50 per cent alcohol twenty-four hours or longer. 

(8) Block placed in 70 per cent alcohol twenty-four hours or longer. 

(9) Block placed in 80 per cent alcohol twenty-four hours or longer. 
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(10) Block placed in 95 per cent alcohol one-half hour or longer. 

(11) Block placed in absolute alcohol one-half hour. 

(12) Block placed in alcohol-ether five to twenty minutes. 

(hj) Block placed in 1/2 per cent parlodion five to twenty minutes. 

(14) Block placed in 12 per cent parlodion five to twenty minutes. 

(15) Block placed in chloroform vapor twenty-four hours or longer to harden. 

(16) Block placed in 80 per cent alcohol twenty-four hours or longer until 
ready for mounting. 

Mounting on Fiber Block: 

(1) Block removed from 80 per cent alcohol is now placed in 95 per cent 
alcohol for five minutes. 

(2) Absolute alcohol for five minutes. 

(3) Ether-alcohol for five minutes, 

(4) Thick parlodion for five minutes. 

(5) Block now transferred to the serrated surface of a fiber block previously 
soaked in ether-alcohol. Make certain that no air bubbles are present between 
parlodion block and fiber block. 

(6) The mounted block immediately transferred to chloroform vapor for 
twenty-four hours to harden. 

(7) Placed in 80 per cent alcohol for one-half hour before cutting or indefi- 
nitely until ready for cutting. 

Cutting: 

(1) Block is transferred to cutting machine and fastened tightly, making cer- 
tain that parlodion is always kept moist with 65 per cent alcohol. 

(2) Knife is set as obliquely as possible without endangering the cutting of 
the whole section. 

(3) Knife and block are kept continuously soaked in 65 per cent alcohol. As 
each section is cut it will be noticed that it curls. It is flattened out over the 
knife with the aid of a brush. The section is cut almost to the end of the plane 
allowing a small piece of the same to remain uncut until the curled portion is 
brushed flat. When this is done the remaining attached part is cut through. 
Cutting is done slowly. 

(4) If a serial arrangement is required the sections are placed in 80 per cent 
alcohol and mounted in the order desired. If no serial sections are necessary 
the sections are carried to a container with 80 per cent alcohol and allowed to 
remain there until ready for mounting on slides. 

Slide Mounting: 

(1) Clean glass slide must be used, A few drops of the following mixture is 
smeared evenly over the slide; 

Strained egg albumen . . .4 . . , : 50 parts 

Glycerin C.P. 50 parts 

Crystal of camphor 
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(2) With the aid of a spatula, held at the edge of the knife, the sections are 
transferred to a slide in the proper serial order. 

(3) Each time a section is transferred to a slide the spatula must be touched 
to a towel to remove excess alcohol. 

(4) When a sufficient number of sections are transferred to a slide they are 
pressed firmly to it by means of fine filter paper. 

(5) Flood slide immediately with ether-alcohol solution, allowing it to act 
for several minutes until some evaporation has taken place and the parlodion is 
becoming dry. Do not, however, allow the specimen to dry completely. 

(6) Press firmly with filter paper. 

(7) Immediately upon removal place in 95 per cent alcohol for one hour. If 
sections are not to be stained immediately they are placed in 80 per cent alcohol 
until time for staining. However, the slide remains in the 95 per cent alcohol for 
at least one hour. 

A section prepared in this fashion will take any stain except aniline 
or vital stains. 

Oil of Cloves Method of Mounting Sections'^^: 

Same procedure as above under “Slide Mounting" (1) to (4) inclusive. 

I (5) Immediately flood slide with oil of cloves. (Use twice-rectified oil of 

I cloves.) Keep sections in same for several hours or days until they are cleared. 

(6) Place in 95 per cent alcohol several hours to remove the oil of cloves. 

Proceed as under (7). 

Preparation of Mounted Slides Prior to Staining: 

When oil of cloves method for mounting sections is preferred proceed 
as follows: 

I (1) 95 per cent alcohol, five to ten minutes. 

(2) Ether-alcohol solution, five to ten minutes (to make certain that all the 
parlodion is removed). 

I (3) 95 per cent alcohol, five minutes. 

(4) 80 per cent alcohol, five minutes. 

1 (5) 60 per cent alcohol, five minutes. 

(6) Thiosulphate solution, five minutes.^** 

(7) Distilled water. 

(8) Stain (any stain can be used when the oil of cloves method for mounting 
sections is used). 

When oil of cloves method is riot used for mounting sections the fol- 
lowing procedure is followed: 

This method is longer but removes the parlodion. 

Sodium thiosulphate solution is made as follows: Stock solution of 2.5 per cent 
sodium thiosulphate in distillcdTvater. When sections are to be subjected to sodium 
thiosulphate we dilute the 2.5 per cent stock solution jo times. 
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(1) From the 80 per cent alcohol the section is placed in 95 per cent alcohol 
for five to ten minutes. 

(s) 80 per cent alcohol, two minutes. 

(3) 70 per cent alcohol, two minutes. 

(4) 60 per cent alcohol, two minutes. 

(5) Sodium thiosulphate solution until section becomes completely white 
(approximately five minutes). 

(6) Then place slide in distilled water. Sections are now ready to stain with 
any stain except vital and aniline stains. 

7. Celloidin-Paraffin Technique of Burket.^^ A technique has re- 
cently been perfected by Burket, a member of the Dental Study Group 
at Yale University. This technique enables one to cut sections of the 
dental tissues and at the same time to preserve the relations of the tooth 
to the jaw. 

“Available methods for sectioning single teeth were not entirely adapted to 
cutting human teeth in situ. In most instances large quantities of the material 
on the external surface of the enamel and in the gingival crevice were lost in 
the decalcifying and imbedding procedures and the thickness of the sections 
limited the study to the more gross changes. 

“Experimental studies were carried on by Arnim’^' for two years and were 
directed primarily to the preparation of histological material derived from 
studies on the rat. Many facts arising out of this work have been made available 
for the studies on the tooth of man. The methods for sectioning animal material 
have been published elsewhere. 

“The basis for the procedures which follow was the combination of the 
methods of Guild^*^ and Williams.^’' 

‘Tixation: For convenience and simplicity the tissues were fixed in 10 per 
cent formalin, changed weekly for two or three weeks. Fixatives containing acetic 
acid could not be used, as it was desired to retain in situ the enamel cuticle and 
as much of the enamel as possible. 

''Division op the Tissues: The formalin-fixed material was thoroughly washed 
in tap water for twenty-four hours. The specimens were then cut into “blocks" 
by means of a thin rotary saw containing one or more teeth. Each block was 
wrapped and tied in gauze wdth its identification number enclosed. 

"Dehydration: The specimens were dehydrated in each of the following solu- 
tions for twenty-four hours: 60 per cent, 80 per cent, two changes of 95 per cent, 
two changes of absolute ethyl alcohol, and two changes of equal parts absolute 
alcohol and ether. All stock absolute alcohols, as well as the low percentage par- 
lodions, were kept over anhydrous copper sulphate. Dehydration with all abso- 

Burket, L. \V. Dissertation, Yale IJniv., 1936. 

^‘"'Arnim, S. 8. Anaf, Record ^ 6^: 321, 1935. 

Guild, S, R. J. Lab. & Clin, Med., 4: 153,1919. 

^MVilliams. A. Dental 67: 715, 1927. 
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lute alcohols and ether-alcohols was carried out in 6 inch desiccating jars in 
which anhydrous copper sulphate was placed in the desiccating chamber and 
separated from the specimens by a double layer of filter paper and a perforated 
porcelain plate. A small air-driven windmill, running through the cork in the 
lid of the desiccator, assured constant movement of the solution. When the 
copper sulphate in the base of the desiccator turned light blue, it was replaced. 

'‘Infiltration: Each specimen and record number were placed in a screw-top 
bottle after its gauze wrappings had been removed. The tissues remained in 1 
per cent parlodion for six weeks, 3 per cent parlodion for four weeks and 6 per 
cent parlodion for four weeks. 

“Imbedding: The specimens were imbedded in large stender dishes. The 
identification paper was placed on the bottom of the imbedding dish, written 
side down. A small quantity of 8 per cent parlodion was poured in and the 
mesial surface of the specimen placed over the identification paper. The im- 
bedding dish was then filled with 8 per cent parlodion, which was allowed to 
harden for several days. This could be hastened by placing the imbedding dishes 
in a closed vessel containing a small amount of chloroform. When hard, the 
parlodion was trimmed to leave a minimum of material on all surfaces of the 
specimen. Bubble formation in the parlodion was avoided if the room tempera- 
ture was not too high or the specimens were not allowed to remain in direct 
sunlight. 

“Hydration: The trimmed specimens were placed in as many changes of 
chloroform as was necessary until they sank to the bottom of the vessel. They 
were then immersed for twenty-four hours respectively in absolute iso-propyl 
or butyl alcohol, 95 per cent iso-propyl or butyl alcohol, 80 per cent and 60 per 
cent ethyl alcohol. The absolute alcohols were used in desiccators as previously 
described. Iso-propyl or butyl alcohols were used after the original imbedding as 
parlodion is insoluble in them. The absolute iso-propyl was prepared from the 
98-99 per cent grade by the use of copper sulphate. 

“Decalcification: After the specimens were washed for twenty-four hours in 
running tap water, they were placed in a decalcifier. Five per cent nitric acid, 
siphoned from a 3 gallon storage jar, was run through glass tubing fitted with 
a drip cock to the bottom of the decalcifier. The rate of flow was determined 
by the number of specimens being decalcified. Approximately 1 gallon of acid 
mixture was used every twenty-four hours when decalcifying specimens equiva- 
lent to a complete maxilla and mandible. The specimens were placed on a 
perforated porcelain shelf about 2 inches above the bottom of the decalcifier. 
An over flow^ tube near the top of the jar was used to conduct the acid waste 
into a crock. The test used to determine if the specimen was decalcified de- 
pended on the presence of the Ca-ion. The specimen to have been tested was 
placed for twelve hours in 50 c.c, of unused 5 per cent nitric acid. At the con- 
tiusion of the twelve hours, 5 c.c. of this solution was placed in a test tube with 
2 drops of methyl red, to which ammonium hydroxide was added drop by drop 
until the indicator changed to a permanent yellow color. Two cubic centimeters 
of saturated ammonium oxalate were added and the mixture allowed to stand 
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for one hour. If a precipitate of calcium oxalate was formed, the specimen was 
not sufficiently decalcified and was replaced in the decalcifier and tested again 
in several days. The decalcified specimens were placed in two changes of 5 
cent sodium sulphate for twenty-four hours each. This tended to neutralize the 
acid, prevent the swelling of the tissue and serve as a mordant, (Shafer.^*) 

"Second Dehydration: After the specimens were thoroughly washed in run- 
ning tap water for at least twenty-four hours, they were allowed to remain in 
each of the following solutions for twenty-four hours: 6o per cent, 8o per cent 
ethyl alcohol, 95 per cent butyl alcohol and two changes of alsolute butyl alcohol. 

"Reinibedding: The specimens were placed in an imbedding dish with the 
identification paper side on the bottom of the dish, 6 per cent parlodion was 
poured on and allowed to remain until the space formerly occupied by the 
enamel was filled with parlodion. The blocks were hardened over chloroform 
as a final procedure. After the specimens had been trimmed with at least 4 mm. 
of parlodion remaining on all sides they were placed in chloroform until they 
sank to the bottom of the vessel. Often several changes of chloroform were 
required. 

''Paraffin Infiltration: The imbedded specimens were then cleared in benzene. 
Large quantities and frequent changes of this clearing medium were essential. 
Usually four changes of twenty-four hours each were required before the block 
became transparent. The specimens were then placed in two changes of low 
melting paraffin (Griibler 40-42 °c.) of twenty-four hours each. The use of this 
low melting paraffin allowed the specimens to be left in the liquid medium for 
a period long enough to insure thorough infiltration and yet not cause an ex- 
cessive hardening of the dentine. They were then placed in a similar paraffin 
containing 1 to 10 per cent bayberry wax. The addition of the bayberry wax in- 
creased the hardness of the low melting paraffin so that it was comparable to the 
higher melting point (56°c.) paraffins. The specimens were removed from the 
bayberry paraffin, allowed to cool and were finally stored in the ice box. The 
identification paper was still visible and the use of tags was entirely eliminated 
in the technique, 

"Cutting: The blocks were fastened to wood or fiber mounts with high melt- 
ing point paraffin and bayberry wax, the surface containing the identification 
paper being kept uppermost. Hence the initial cutting surface was the mesial 
surface of the specimen. Serial sections were cut on a Leitz No. 1200 microtome 
at 12 micra using the wet method with 80 per cent alcohol solution on the knife. 
The longest possible cutting edge of the knife was used. The angle of the knife 
relative to the cutting plane was between the third and fourth mark on the 
knife holder. The sections were unrolled on the knife and carefully smoothed 
out with a soft camel's hair brush moistened with the 80 per cent alcohol solu- 
tion mentioned above. Care was taken not to touch the tissue with the brush. 
If the block was not infiltrated perfectly the sections were carefully drawn up 
flat on the knife with a soft camel's hair brush, as they were being cut. The 
tissues were removed on small consecutively numbered squares of tissue paper 

Schafer, E. S. The Essentials of Histology. Phila., Lea and Febiger, 1929, p. 589. 
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and placed section side down in small dishes filled with 8o per cent alcohol.^® A 
narrow strip of white paper was inserted after every tenth section to serve as a 
marker in the mounting process. 

‘'Affixing: The paraffin-parlodion imbedding method complicated the mount- 
ing of every tenth section prior to staining. Provided the following steps were 
carefully followed, the sections could be mounted successfully without resorting 
to any celloidin coating methods, which at their best interfere with the study 
under high magnification and cause wrinkling and displacement of the thin 
sections. The slides (50 mm. x 75 mm.), thoroughly cleaned, were stored in 95 
per cent alcohol and dried as needed with a paper towel. After they were marked 
with a diamond glass pencil, they were wiped again. The slides as used were 
lightly coated with egg albumen. A fresh mixture of 4 parts fresh egg albumen 
with 1 part glycerin without any preservative was found most satisfactory. This 
was kept in the refrigerator when not in use and discarded after four days.^'^ 
Every tenth section as indicated by the narrow white paper markers, was suc- 
cessively placed in a large Petri dish containing 60 per cent alcohol and floated 
off the tissue paper. It was then passed through 30 per cent alcohol and into a 
dilute acetic acid solution containing 3 drops of glacial acetic acid to 300 c.c. 
of distilled water. The sections were lifted from the acidulated water by means 
of a silver section carrier and the excess water removed by touching the edge of 
the carrier to a paper towel before transferring the tissue to the slide. The 
sections were arranged on the slide and the excess water drained off. They were 
covered with a small rectangle of hard-surfaced filter paper moistened with 80 
per cent ethyl alcohol. This was pressed down firmly over the sections and was 
blotted with another piece of filter paper. The papers were then removed care- 
fully by rolling them back over one finger at a time. A dry paper was placed 
over the sections and moistened with absolute iso-propyl alcohol from a drop- 
ping bottle. The slide was blotted again and the papers were carefully removed 
as before and another dry one placed over the sections, which was in turn 
flooded with benzene. This partially deparaffin ized the sections. A new piece 
of filter paper was moistened with 80 per cent alcohol. The benzene moistened 
paper was blotted and quickly removed, and the one previously moistened with 
80 per cent alcohol was rapidly applied. It was firmly and carefully pressed down 
over the sections. The paper was removed and the slide placed in 80 per cent 
alcohol until time of staining. Lateral movement of the applied papers was 
avoided. The different reagents were allowed to remain approximately one 
minute on the sections. 

“Staining: The sections were deparaffinized by carefully passing the slide 
basket containing the slides through 95 per cent iso-propyl alcohol, absolute 
iso-propyl alcohol and two changes of benzene; hydrated by passing them 
through a second absolute iso-propyl alcohol, a second 95 per cent iso-propyl 

numbering machine and Bates ink were used. This ink is not soluble in the 
reagents used. 

Suggestion of Mr. Meyrowitz, Technician, Dental Study Group, at The School 
of Medicine of Yale University. 
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alcohol, 8o per cent, 6o per cent, $o per cent, 15 per cent ethyl alcohol, and 
two changes of distilled water. The slides were allowed to remain approximately 
three minutes in each solution. If the sections were found to stain poorly they 
were “freshened” at this point. The slides were placed in 20 to 30 per cent 
hydrogen peroxide solution for fifteen minutes to a half hour. After two changes 
of distilled water, the sections were ready to be stained with Delafield’s hema- 
toxylin, 20-25 drops in 300 c.c, of distilled water for a full slide basket, over- 
night. The weak staining solution offered greater opportunity for the absorption 
of the stain by the tissues having an affinity for it. The staining qualities of old 
Delafield’s hematoxylin can be satisfactorily restored by the addition of a 
saturated aqueous solution of ammonia alum. (Mallory and Wright, Ed. 6.) The 
slides were carefully passed through two changes of distilled water and were 
differentiated in an acid-aqueous solution containing 4 drops of concentrated 
hydrochloric acid to every loo c.c. of distilled water. The slides were then passed 
through distilled water to two changes of basic tap water where they were allowed 
to remain until a blue color developed. A lithium carbonate or dilute ammonia 
solution could be substituted for the tap water, if the results were not satisfactory 
by the former method. Following this the slides were passed through distilled 
water or washed wdth slightly basic tap water. They were counterstained with a 
dilute (1 per cent) alcoholic eosin solution, passed through two changes of 95 
per cent iso-propyl, 98-99 per cent iso-propyl alcohol and then into beech wood 
creosote. To reinforce the eosin the sections were often placed in beechwood 
creosote containing a few grains of eosin. They were then removed from the clear- 
ing solution, laid flat, flooded with xylol, and then blotted with small rectangles 
of filter paper and coverslips were applied by the use of medium thick balsam 
(neutral in xylol). The slides were then placed in a 37°c. incubator for a week 
to ten days to harden the balsam. They were then cleaned with a mixture of 
xylol and 95 per cent alcohol. The slides were numbered with India ink over 
which sandarac varnish was applied to prevent smudging. 

“Several sections of satisfactory thinness, in which the gingival debris, enamel 
cuticle and debris could be retained with moderate success, were obtained by 
the above technique. It became evident that, for a more complete picture of 
the pathological changes, especially those associated with the beginning of 
carious lesion, the so-called ‘organic’ matrix of the enamel must be retained in 
situ on the dentine. Previous workers (Malleson,^ Chase^ and Boedeker^) had 
developed methods of retaining this material in isolated fragments of the enamel 
‘entirely free from the dentine.’ No reference could be found concerning its re- 
tention on the dentine in the adult erupted tooth. The methods used by these 
workers consisted essentially in decalcifying the small enamel fragments in an 
acidulated imbedding media such as celloidin. In such a solution ionization of 
the acid was slight and decalcification slow. This method, if applied to indi- 
vidual teeth or teeth in situ, afforded no means of retaining the normal relation- 
ship between the enamel and dentine. 

^ Malleson, H. C. Brit. Dental J., 66: 907, 1925. 

‘^-Roedeker, C. F. Ztschr. f. tviss, Mikr„ 22: 190, 1905, 

Chase, S. W. Anat. Bee., 58: 239, 1927. 
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“Modification of Technique for Retention of Enamel Matrix: The double 
parlodion-paraffin imbedding technique routinely used preserved the enamel 
cuticle and lamellae in good anatomical relationship. The problem was limited, 
therefore, to the retention of the enamel remains in position. This was ap- 
proached by placing specimens carried to the decalcifying stage in various con- 
centrations of different acids. Large quantities of enamel remains were retained 
on the teeth decalcified in 5 per cent acetic acid. Further experimentation re- 
vealed that 7 per cent acetic acid was more satisfactory than other concentrations 
of acetic acid or trichloracetic acid. An attempt was made to modify the quantita- 
tive test for calcium reported by Arnim for use with human teeth in situ, but the 
large difference in the quantity of calcium in the different human teeth made 
this extremely difficult. Decalcification was usually determined by testing the 
specimen with a needle. Aside from the changes in the decalcifying technique 
and the use of extreme care in the reimbedding, the regular technique was 
followed.” 

8. Dextrin Imbedding and Frozen Sections. Instead of imbedding 
in celloidin the tissues may be imbedded in a dextrin solution and cut 
on the freezing microtome. This method has been developed by Hope- 
well-Smith.2-i In experienced hands it yields beautiful isolated sections 
and in time it is somewhat shorter than celloidin imbedding. However, 
serial sections and exact control of thickness are impossible. After fixa- 
tion the soft parts and apices of the roots are dried on a cloth,, and a large 
drop of thin celloidin placed on them, so that in a few moments a thick 
film covers them over, and protects them from the action of acid reagents, 
e. g., as in decalcification. Afterward the celloidin film is removed by 
immersion in a watch-glass of ether for about five minutes, followed by 
careful picking or rubbing with a brush, and the specimens are neutral- 
ized with sodium or lithium bicarbonate (5 grains to an ounce of water) . 
They are then trimmed to appropriate size and shape, washed well in 
water, and immersed in a saturated solution of dextrin for at least fifteen 
hours. The pieces of tissue are finally placed on the stage of an ether- 
freezing microtome and cut in the ordinary manner. 

B. EXAMINATION OF SPECIAL STRUCTURES IN 
DENTAL HISTOLOGY 

I. The enamel cuticle (Nasmyth’s membrane). Suitable specimen 
teeth are j)roc:ured and treated in the following manner: 

(1) VV^ash and brush the specimen in tap water. 

(2) Fix in 4 per cent neutral formalin for twenty-four hours. 

{$) Wash in tap water for twelve hours, 

(4) Stain in Mallory’s aniline blue for twenty-four hours. 

Hopewell-Smiih, A. Dental Microscopy. Ed. 2, Phila., 1914, p. 5. 
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(5) Wash and brush specimen in tap water. 

(6) Place specimen in 10 per cent hydrochloric acid for ten minutes. As the 
enamel goes into solution, there will be seen surrounding the crown of the 
tooth a delicate, whitish, opaque, partly attaclied membrane (the enamel 
cuticle). 

(7) Tease off membrane with needles and brush. 

(8) Gather up fragments of enamel cuticle on slide coated with egg albumen. 

(9) Blot fragments with filter paper. 

(10) Wash in 5 per cent solution of sodium thiosulphate or bicarbonate of 
soda for ten minutes. 

(11) Wash in tap water for ten minutes. 

(ig) Run through alcohols. 

(13) Xylol. 

(14) Mount in Farrant’s medium (p. 617) or gum damar. 

Nasmyth’s membrane, when present, is also demonstrable by Boe- 
deker’s method (see blow) . 

2, Isolated Enamel Rods. These can be simply demonstrated by 
immersing the tooth in 5 to 10 per cent hydrochloric acid solution. Ex- 
amine after twenty-four hours. If the enamel is quite soft, remove a small 
portion with a needle to a slip, and tease it out. Mount in a drop of 
physiological salt solution under a cover glass. A carmine stain can be 
run in from the side and later be washed out by applying a blotter to 
one edge of the cover glass and running acidulated water (10 per cent 
acetic) in from the other side. A permanent preparation may be then 
made by “ringing.” 

The structure and relations of the individual enamel prism have long 
been studied by direct microscopic observation of ground sections during 
the progress of decalcification.^^ 

Dilute acids are run “under a coverslip supported on fine cover-props over a 
thin ground section of enamel. The acid can be continuously changed by em- 
ploying a piece of blotting paper at the opposite side of the coverslip from that 
at which the acid is supplied. One per cent nitric, hydrochloric, or sulphuric 
acids or 5 per cent chromic, acetic, citric, or lactic acids decalcify slowly enough 
so that all the steps in the process of decalcification can be observed without 
gas being formed sufficiently rapidly to obscure the picture. The process may be 
stopped at any stage desired by supplying water instead of acid, and, if sufficient 
care be used, the section can be stained and mounted in balsam without dis- 
turbing the position of the remains.'’ 

3. Structure and Chemical Composition of Enamel 

Baedeker's Method. Boedeker-® has devised a “celloklin-decaicify- 

Chase, S. W. Anal. Rec., 36: 239, 1927. 

^Fundamentals ot Dental Histology and Embryology. N. Y., 1926, p. 223 
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ing method” to demonstrate minute quantities o£ organic matter in the 
enamel. 

A small piece of enamel (0.5 to 1 mm. thick), entirely freed from dentine, is 
passed through the alcohols for dehydration, ten minutes each; then into methyl 
alcohol for one to two hours and finally into acid celloidin (parlodion) (20 c.c.). 
This is prepared as follows: Thoroughly dried chips of parlodion (Dupont) are 
dissolved in c.p. methyl alcohol to make a thick syrupy solution. To 150 c.c. of 
this add the following mixture drop by drop, constantly stirring with a glass rod: 


Nitric acid, C.P. 10 c.c. 

Methyl alcohol 40 c.c. 


The glass dish in which the enamel is decalcified should have an air- 
tight cover. This dish should be moved as little as possible and then only 
with the greatest care. The progress of decalcification should be checked 
occasionally microscopically without removing the enamel from the acid- 
celloidin. The organic matrix of the enamel will become discernible after 
ten to twelve hours as a brown spongy substance. 

When the entire specimen has acquired this appearance, decalcification is 
complete, usually within two to seven days. Then uncover the dish to allow the 
celloidin to harden. Cut out specimen, surrounded by a narrow margin of 
celloidin and pass this block into 70 per cent alcohol, one to two hours; 40 per 
cent alcohol, one to two hours; watery solution of alum, twenty-four hours; run- 
ning water, six to twelve hours; ascending alcohols, one to two hours in each; 
do not use absolute; aniline oil, six to twelve hours (when cleared block becomes 
brown and perfectly transparent); aniline, chloroform, equal parts, three to six 
hours; chloroform, six to twelve hours; imbed in paraffin (m.p. not above 52 °c.) 
two hours, cut sections on microtome, to lo^t; spread sections on slips; dry; 
decerate in xylol, three minutes; dissolve parlodion in ether-alcohol (ethyl)^ equal 
parts; pass through absolute alcohol, one minute; through descending alcohols to 
water; stain (Boedeker prefers Heidenhain’s ferric hematoxylin); dehydrate; 
mount in balsam. 

Ghase^'^ has used Boedeker’s or Malleson’s method to study enamel 
jirisms and interprismatic substance. He, however, shortened the period of 
decalcification to about one-quarter (or less) of that described. 

4. The Structure of the Enamel. The manner in which the struc- 
tural peculiarities of the enamel are related to its organic content, per- 
meability and the possibility of post-eruptive changes is one of the most 
vital questions in dental histology. A number of methods have been 
devised to attack this problem. 

a. Immersion of Apex of Tooth in Stain, V. Beust^s cemented freshly 

^ C;hase, S. W. Anat, Rec., 36: 239, 1927. 

^®v. Bemtf T. Dental Cosmos^ ^4.: 659, 1912. 
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extracted teeth in the corks of bottles containing a strong alcoholic solu- 
tion of fuchsin with NaCl to accelerate capillary flow, in such a manner 
that only the tip of the root reached the stain. In time the enamel, and in 
many cases the enamel cuticle, became stained. 

b. Injection of Stain into Pulp Canal under Pressure. He also per- 
formed the following experiment: 

The nozzle of a syringe is securely cemented into the enlarged apical opening 
of a root with a very large pulp cavity, from which the pulp has been removed, 
and is completely filled with staining solution. A wire is repeatedly inserted and 
withdrawn in order to expel all the air. With the fingers, or with rubber bands, 
pressure is exerted upon the piston. In a short time, varying from a few minutes 
to a few days according to the pressure and the density of the tooth, the staining 
solution will be perceptible in all parts of the external tissue. Ground sections 
are made of such teeth. 

c. Silver Nitrate (AgNO-^). Later, v. Beust^^ used silver nitrate as the 
“staining” solution. He proceeded as follows: 

The root of a freshly extracted tooth is sawed through about midway be- 
tween the apex and the crown, and the root and pulp cavity enlarged to receive 
the end of a glass funnel or pipette. The surface of the root is superficially 
ground, up to the enamel line, and the sawed end and ground surface shellacked, 
care being taken to prevent the varnish from reaching the inner part of the 
pulp cavity or the surface of the crown. The funnel, containing a wire, is now 
sealed into the tooth with sticky-wax, allowing the wax to spread over the 
shellacked part of the tooth. After the wax has cooled, a few drops of water are 
placed in the funnel and the wire withdrawn (to exclude the air). One per cent 
aqueous silver nitrate solution is now added and the specimen is placed in the 
dark. After the lapse of a few days the tooth is ground in paraffin oil, the section 
is wiped and placed in a bottle containing dilute alcohol. The bottle is now 
placed in the sun until decomposition of the salt has taken place, whereupon 
the specimen is passed through strong and finally through absolute alcohol, 
washed in xylol and imbedded in balsam. 

d. Williams' Silver Nitrate (AgNO^^). Williams'^^ has studied the 
enamel very carefully for many years. 

An entire tooth is immersed in a 2 to 5 per cent solution of silver nitrate and 
left in it from one week to six months. Long-continued staining will often reveal 
facts not showm by brief staining. The tooth is then cut, ground and polished 
as previously described (p. 353) to the thickness of a single enamel rod. 

During the grinding the specimen must be examined from time to time in 
the following w^ay: Clean it and brush it over for thirty seconds or so with a 3 
per cent solution of lactic acid. This will remove a little of the cement substance 

-’‘^v. Beust, T. Cosmos, 56: 201,1914. 

Williams, J. L. Daital Digest, 31: 827, 1925. 


DENTAL TISSUES 


375 


between the rods and also around the organic substructure in the rod, thus 
revealing something of the real nature of the tissue. Wash oft the lactic acid, 
cover with a drop of distilled water and cover glass, and examine. 

All study and all photography should be done with distilled water for 
a mounting medium. Permanent preparations may be made by mounting 
in balsam. 

e. Staining Enamel in Bulk. Attempts have been made to stain 
enamel in bulk. 

For example Leigh’^^ has obtained the best results from the use of 
freshly extracted teeth, eliminating formalin from the technique entirely, 
passing them through graduated solutions of alcohols, and then immersing 
them in one of the following stains: (i) 2 per cent alcoholic solution of 
basic fuchsin or gentian violet or equal parts of crystal violet and brilliant 
green; (2) 10 per cent aqueous solution of c.p. silver nitrate. The roots 
of the teeth were cut off to permit free entrance of solutions into the 
pulp chamber, and the solutions diffused through the dental tissues. Re- 
section of the root also obviates a high liability of the microscopic sections 
to longitudinal fracture. A varnish of celloidin was used on the exterior 
of the enamel in certain cases to prevent the tooth from being subjected 
to stains from both surfaces. After the teeth had been in the staining 
solutions for varying periods of time, some were bisected longitudinally, 
and others cut in cross-section blocks, and then ground approximately 
lO/x on Black’s grinding machine, under either water or paraffin oil. Great 
difficulty was encountered in preventing decolorization of the blocks 
during mounting, grinding, and demounting. 

/. Intra-vital Dyes. Use of “intra-vital dyes” in studying formation 
and structure of enamel and dentine. 

(1) Madder Feeding. Gottlieb^^ ^ series of dogs, from the begin- 
ning of tooth-eruption for three months, on madder. Ground sections 
made from the teeth of these animals showed that red-colored calcium had 
been deposited in dentine, the amelo-dentinal junction and enamel. 

(2) Sodium Alizarinsulphonate. In the same report Gottlieb de- 
scribed an experiment on 2 dogs, 1 very young and 1 about a year and 
half old. They both were injected subcutaneously and intravenously with 
a i per cent solution of sodium alizarinsulphonate. Teeth taken from 
these dogs showed in the dentine adjacent to the pulp an intense violet 
coloration. Toward the periphery the intensity decreased but nevertheless 
the color did actually extend into the enamel. 

R. W. /. Am. Dent, Assoc., 12: 1415, 1925. 

Gottlieb, B. Ztschr. f. Stomat., 11: 452, 1913. 
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(3) Trypan Blue. Similar work was carried on by Wellings.'^^ Ani- 
mals were injected with the maximum dose (1 cgm. to 20 gm. of body 
weight) of color solution at intervals of seven or eight days, until the 
desired degree of staining was reached, when they were killed, and the 
tissues instantaneously fixed by introducing 10 per cent formalin in 
normal saline through the heart. The solution of the dye was made in 
physiological circulating fluid, at first according to Ringer’s formula, 
but later in Schiassi’s fluid.-^^ It was always boiled in a sterile test-tube 
before use. Injections were made under the strictest aseptic precautions. 
In the younger animals the entire head, without decalcification, was im- 
pregnated with gelatin according to Gaskell’s methods.^^ In this method, 
the gelatin is formalinized to render it insoluble, after which fairly thin 
sections can be obtained by freezing the gelatin block with CO2 and 
cutting on the Aschoff freezing microtome. 

Older heads were decalcified with 5 per cent hydrochloric acid, with 
the addition of 1 per cent formalin to preserve the tissues. On the comple- 
tion of decalcification the tissues were washed in tap water. Prolonged 
washing is undesirable. Then they were taken through the alcohol series 
(a little formalin added to all the dehydrating solutions prevents the 
washing out of the stain) into alcohol and ether, and thence into cel- 
loidin. In order to examine for finer cytological details it was necessary 
to imbed in paraffin. Here again all the dehydrating solutions should 
carry a little formalin with them. Ground sections were also prepared. 
In order to keep the section cool while grinding without decolorization 
dilute hydrochloric acid (1-1000) was found most satisfactory. vSmall 
fragments of soft tissues, i. e., pulp, were examined by teasing out in a 
drop of Farrant’s solution. 

By this method the matrix of dentine and bone is stained very lightly, 
the color disappearing quite soon. The walls of the dentinal tubules and 
the Haversian canals do not stain, neither do the dentinal fibrils. The 
secondary dentine, formed in the center of the pulp cavity of persistently 
growing teeth, stains deeply. Enamel developing at the time of the intro- 
duction of the stain, and that formed while the stain is in the body, takes 
on a very brilliant color which subsequently fades as decalcification pro- 
gresses. It is not possible to stain already calcified enamel by means of 
trypan blue. 

(4) Gies. Gies^® gave a series of puppies occasional intraperitoneal 
injections of trypan blue, at different stages of the growth and dentition 

®®Wellings, A. W. Trans. 6th Internat. Dent. Cong., Lond., 1914, p. 46. 

^Schi^ssl, B. La Semaine MM., igi^. 

®®GaskelL J. Path. & Bacteriol., 17: 58, 1912. 

Gies, W. J. 7. Nat. Dent, /lis., 5* 529, 1918 
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of the dogs, and found that when trypan blue had been injected, after 
the permanent teeth had attained their full size, the teeth did not take the 
stain. When the trypan blue had been injected after the development of 
the permanent teeth had been far advanced, but before attainment of 
full size, the teeth showed a narrow blue zone above the gum line, ex- 
tending about one-fourth the distance to the occlusal surface. When the 
trypan blue had been injected, soon after the permanent teeth had begun 
to form, the teeth showed a wide blue zone extending about three-fourths 
of the distance from the gum line to the occlusal surface. When trypan 
blue was injected before the permanent teeth had begun to form, the 
teeth were blue over the entire surface of each crown. 

In preparations from other dogs similarly treated the blue pigment 
was seen in both dentine and enamel. 

(5) Marshall. Marshall extended this work, using the following 
method: 

The dyes which seemed to give the best results were naphthamine brilliant 
blue and trypan blue, employed in i per cent aqueous solutions and in 1 c.c. 
doses. The intervals between the injections were purposely arranged at one, two, 
three, four and five days. All solutions of the dyes, and the injections, were made 
under the strictest aseptic precautions. Immediately after killing the animal the 
head was placed in a glass container and covered with warm 10 per cent formalin 
solution. This was kept in an electric oven at a temperature of 35°c. for from 
three days to one week. Upon removal from the oven both jaws were dissected 
from the head, and each divided on the median lines, the parts again placed in 
warm aqueous solution of formalin, and returned to the oven at the previous 
temperature. Later, the parts were passed through the alcohols, from 40 per cent 
to absolute, increasing 5 per cent each successive twelve hours and then placed 
for from one to three weeks in benzol-damar, at room temperature. When the 
specimens were thoroughly impregnated with damar, they were transferred to 
the discs of a grinding machine, cemented in place with thicker benzol-damar, 
and again placed in an electric oven, this time at a temperature of 50^0., and 
allowed to remain for two or three days, or until the damar was sufficiently 
hardened to prevent the specimen from being torn from the disc in grinding. 

By this method, Marshall demonstrated definite color lines in the 
dentine. Alizarin sodium sulphonate is the only red vital dye studied, that 
possesses the power to stain the dentine with definite color lines which 
can be seen under the microscope. 

Schour of the University of Illinois College of Dentistry proposed a 
simpler method to obtain distinct red lines in the ground sections of 
vitally stained bone and teeth. 

After sawing the specimen into small sections he found that routine 

Marshall, J. S. J. Dent. Res., 3: 241, 1921. 
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grinding of the sections in a light grade of liquid petrolatum is sufficient 
and gives sharp results so that micrometer readings of the intervals 
between the injection lines are readily made. 

(6) Schoiir Schour’s experiments concerning vital staining with 
alizarin were undertaken for the purpose of studying normal processes 
of calcification and of making quantitative determination of the rate of 
formation of bone and dentine. 

In order to determine the average amount of alveolar bone growth, 
he proceeded in the following manner: i6 white rats, three months of 
age, were given two intraperitoneal injections of 0.5 c.c. of 2 per cent 
alizarin red s (sodium sulphalizarate) of color index 1034 (Coleman 
and Bell Company) four or six days apart. The dosage ranged from 
39 to 62 mg. per kg. The animals were sacrificed two days after the last 
injection. 

Transversely ground sections were then prepared at the mid-root 
level of the upper molars which showed microscopically a red line in 
the alveolar bone where calcification took place at the time of each in- 
jection. The amount of bone laid down in twenty-four hours was ob- 
tained by measuring the distance between two red lines in micra and 
dividing the measured distance by the number of days intervening be- 
tween the two injections. The measurements were made in areas where 
red lines followed a parallel course for at least a short distance. 

Using this method the author was able to compare the daily apposi- 
tion of alveolar bone to that of the daily apposition of enamel and 
dentine in the incisor of the rat. 

The author believed that multiple injections of sodium sulphalizarate 
present advantages over feeding madder or alizarin and offer a prompt 
and accurate method of measuring the rate of apposition of bone in 
normal and experimental conditions. 

Schour and Smitlv^^ presented a simple and supposedly accurate 
method for measuring the rate of growth of the enamel and dentine in 
continuously growing teeth. They used three groups of rats: 

Group A: 12 rats were given two to eight injections of 0.3 c.c. of 
2.5 per cent sodium fluoride twenty-four or twenty-eight hours apart. 
Age: ninety to 270 days. 

Group B: 20 rats were given single injections of 0.3 c.c. of 2.5 per 
cent sodium fluoride and allowed to live one to forty-eight hours after 
the administration. Age: ninety to 270 days. 

Group C: 16 control rats, most of which were littermate controls. 

Significant alterations were observed only in Groups A and B. 

Schour, I. Proc. Soc. Exper. Biol. Med., 34: 140-141, 1936. 

Schour, I., and Smith, M. C. Proc. Soc, Exper. Biol. & Med., 32: 1, 1934. 



DENTAL TISSUES 


379 


(7) Trypan Blue, India Ink, Methylene Blue. Fish^^ injected intra- 
venously or subcutaneously trypan blue and iron solutions for the study 
of dentine. 

(8) India Ink. In a later experiment a young dog of a large breed 
was anesthetized and part of the crown of one of the canines was sawed 
off to expose the pulp. A syringe filled with India ink and fitted with the 
finest ordinary hypodermic needle was introduced along the wall of the 
pulp chamber to about half-way down the root, and while it was being 
slowly withdrawn the ink was allowed to leak out. No pressure whatever 
was used. After injection the pulp chamber was not sealed and the dog 
was killed after an hour or so. Then the tooth was cut in half and the 
ink was found to have penetrated the dentine. Sections were made to 
study the details of distribution of the carbon particles. 

(9) Methylene Blue. In a continuation of this study Fish^^ anes- 
thetized an adult dog, drilled a cavity in the crown of one of the teeth 
near the neck and freely exposed the pulp. A small cjuantity of solid 
methylene blue was introduced into the cavity and gently worked into 
the pnlp with a probe, without destroying the tissues of the ]3ulp. A 
trace of moisture was then added to the dye to ensure its solution in the 
lymph of the pulp and the cavity was covered with a smear of temporary 
cement. The dog was kept under morphia and was killed from twelve 
to twenty-four hours later. On examination a wide zone of a dense blue 
color was found around the part of the tooth at which the dye was intro- 
duced, and where it had entered, the enamel had the appearance of 
dark blue Bristol glass. Teeth so prepared may be preserved in 10 per 
cent formalin indefinitely and sections made by grinding. After they 
are ground the sections may be immersed in 6 per cent ammonium 
molybdate solution for twenty-four hours, then freshened up on the 
hone and mounted in Farrant’s medium. 

5. Examination of Ground Sections of Teeth by Polarized Light. 
Hoppe^^ examined ground sections of teeth by means of polarized light 
and renders the following account: 

“The enamel shows on examination by polarized light a much greater degree 
of double refraction than the dentine and cementum. When the enamel prisms 
(or rods) are struck at right angles to their longitudinal axes and these axes are 
placed at an angle of 45° to the crossed nicols, the color differences are espe- 
cially noticeable. As the enamel rods generally follow the spiral or curled course, 
the picture will offer a multicolored effect. Three or four colors may appear 

‘‘^Fisli, E. \V. Pror. Roy. Soc. Med., Sect. Odont., 19: 59, 1926. 

Fish, F. \V. Proc. Roy. Soc. Med., Sect. Odont., 20: i, 1927. 

^Mioj)j)e, J. 1. pircJioxc.s Arch., 24: 29; 50; 31; 32, 1862. 
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simultaneously in the field of observation. It can be clearly noticed that the 
colors depend on the direction of the enamel rods. 

“When no gypsum or glimmer plates are used and the nicols crossed, the 
transversely sectioned rods appear absolutely black, but when the prisms are 
parallel they appear light. At higher magnifications the difference in illumina- 
tion is more noticeable. Developing enamel rods, which can be readily isolated, 
appear nearly as strongly double refracting as the fully formed enamel. On 
examination- of different ground sections I invariably found the enamel nega- 
tive when fully developed, positive when still in a formative state. Peculiar as 
this may seem, I always obtained the same results. The most remarkable fact 
however, is that after heating to 800°, the enamel again turns positive. 

“The enamel consists almost entirely of inorganic substances. It may be 
assumed that double refraction is caused by the arrangement of mineral sub- 
stances in the enamel. After heating to 800° the organic material was entirely 
destroyed and the double refraction reversed." (Translation.) 

V. Ebner^^ stated that: 

“The positive double refraction of developing enamel rods cannot be ob- 
served only in dry specimens but also in prisms which are examined in water 
or alcohol although the de^ee of positive double refraction is somewhat les- 
sened. Many other fluids cliange the double refraction to a marked degree, 
turpentine, benzene and paraffin oil decrease the double refraction considerably, 
concentrated glycerin reduces it almost to 0° and causes sometimes a weak nega- 
tive double refraction. Origanum oil, xylol and monobromnapthalein act in a 
similar way. Anise oil and carbon disulphide act somewhat stronger. Cinnamon 
oil, cassia oil, oil of cloves, salicylic aldehyde and aniline oil cause a definitely 
negative double refraction, much weaker, however, than the original positive 
refraction. When, subsequently, enamel is washed with alcohol, it resumes the 
same degree of double refraction. We must, therefore, conclude that the fluids 
which so markedly change the optical behavior of the developing enamel pro- 
duce no permanent structural changes in same. We may assume that just as 
stains, so the mentioned fluids are able to penetrate the apparently homo- 
geneous rods but cause a change in tension in the minute pores of the rod 
substance which totally reverses the double refraction. The tensional changes 
are dependent on the absorptive qualities of permeability of the substance. The 
changes in double refraction so readily brought about in forming enamel rods 
appeared to me a definite proof of the assumption that during development the 
rod diameter not only increases in size but also that through impregnation of 
calcium salts the density of the enamel rods increases." (Translation.) 

Viggo Andresen,^^ who quoted the mentioned authors, used polarized 
light to produce excellent photomicrographs which he obtained to sup- 

Ebner, V. Ztsckr, f. wiss. Mikr„ 9: i6i, 1892. 

’^* Andresen, V., 1926 The Fhysiological and Artificial Mineralization of Enamel. 
Oslo, Dancke. 
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port his theory on the physiological and artificial mineralization of the 
enamel. 

Kirk^^ applied polarized light in the examination of ground teeth 
but does not describe a method of interpretation. 

6. Examination of Ground and Decalcified Sections of Teeth by 
Ultraviolet Light. Walkhoff^® has applied ultraviolet light as a source 
of illumination for the microscopic examination of sections of teeth. Of 
course the lenses, slip and coverslip must be of quartz and the record is 
made on a photographic plate. Direct examination by the eye is impos- 
sible. Because of the shorter wave-length, this method possesses distinctly 
greater resolving power. Walkhoff was primarily interested in the prob- 
lem of an interprismatic, cement-substance in the human enamel. The 
details of the technique are rather elaborate and are given in the original 
article. 

Meyer, stimulated by Walkhoff’s work, obtained excellent results 
with ultraviolet light in the study of ground sections of teeth. He used 
a wave length of 0.275 and a monochromat objective of 2.5 to show 
details of the enamel prisms and interprismatic substance, which are 
impossible to discern with the aid of ordinary light. 

7. Examination of Ground Sections of Teeth at Different Levels. 
Making use of an objective with small focal depth, Meyer^® was able to 
prove the statement of V. Ebner, namely that the so-called tufts of the 
enamel are poorly calcified sheaths of interprismatic substance. He first 
observed the surface of a thick enamel section and photographed it, 
then lowered the body tube of his microscope a trifle and photographed 
a slightly lower level of the enamel in which he could follow the disposi- 
tion of the interprismatic defect. Subsequent exposures revealed the 
leaf-like nature of the tufts. His method finally yielded photomicro- 
graphs of different levels of the enamel in serial order, a result which 
coidd not be obtained by cutting and grinding. 

8. Examination of Ground Sections of Teeth by Roentgen Rays. 

(a) The Diffraction Method (a study of the crystal structure of the 

enamel and dentine) . In 1926 two papers appeared^^ which promised 
a more refined analysis of the structure of enamel and dentine than has 
hitherto been possible. Laue’s method of making roentgenphotograms 
was employed. The source of the roentgen rays was a Coolidge electron 

^®Kirk, E. C. Dental Cosmos^^ 45: 345, 1903. 

Gerli^rdt. Arch. f. Entwicklungsmechanik, 10: 135,263. 

Walkhoff, O. Deiital Cosmos, 65: 65, 1923. 

Meyer, W. Dtsch. Zahn. Mund-, u. Kief erhlk., 2: 43, 1935. 

Meyer’s Normal Histology of the Human Teeth and Associated Parts, trans. and 
ed. by Herman R. Churchill. Phila., Lippincott, 1935. 

Funaoka, S. Acta Scholae, med. univ. imp, Kyoto, 37; 41, 1926. 
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tube with a molybdenum anticathode. The radiation lasted from fifteen 
to fifty hours. The sections of the teeth were i to 0.3 mm. thick. In 
studying the dentine the directions of the rays were (a) at right angles 
to the dentinal fibers and (b) parallel with the dentinal fibers. 

Cross, longitudinal and tangential sections of human incisors and 
molars of cattle were used in the study of the enamel. The sections were 
1 to 0-4 mm. thick. They were so placed that a narrow bundle of 
roentgen rays would pass (a) parallel, (b) at right angles vertically, 
and (c) at right angles horizontally to the long axis of the enamel prism. 
The dentine had previously been ground away and the upper surface 
of the enamel section had been etched with dilute HCl in order to ex- 
clude the influence of the grinding on the arrangement of the superficial 
microcrystals. 

Taylor and Sheard; Eisenberg; Cape and Kitchen; Roseberry; 
Hastings and Morse; Thewlis; Moller and Tromel; Bale, Hodge and 
Warren, and others published papers on this subject supplying new 
information on the crystalline constituents of enamel and dentine."’^* 

(h) The Absorption MethodS^'^ (a study of the changes in the enamel 
and the dentine by quantitative measurements of the film densities ob- 
tained by exposing sections of teeth to roentgen rays) . Price’^^ com- 
pared semi-quantitatively the opacities of the hard tissues of teeth with 
the opacities of different steps of a simultaneously exposed aluminum or 
copper penetrometer. 

Boedeker and Applebaum'"*'^ used a penetrometer of aluminum to ex- 
press semi-quantitatively the differences found in a carious section of a 
tooth of unmeasured thickness. 

Thewlis'"*'* compared the total absorption of the roentgen rays by 
enamel and dentine in a human and a dog's tooth. 

Again Boedeker and Applebaum'''*^> showed changes in the dentine 

'^'Taylor, N. W., and Sheard. C. ./. Biol. Chetn., Si: 479, 1929. 

Eisenberg, M, J. Am. Dent. Surgeon, 50: 251, 1930. Dental Cosmos, 75: 770, 1933. 

Cape, A. T., and Kitchen, P. C. Am. Deiit. Assoc., 17: 193, 1930. 

Roseberry, H. H„ Hastings, A. B., ^nd Morse, J. K. J. Biol. Chem., 90: 395, 1931. 

Thewlis, J. Brit. ,/. Rad., ry. 353, 19I2. 

Moller, H., and Tromel, G. NattmoAss., 21: 346, 1933. 

Bale, W. F., Hodge, H. C., and VVarten, S. L. Am. J. Roentg. if Rad. Ther., 32: 369, 

h 

^'^ 7 ’he following information was taken from Van Huysen, G., Hodge, H. C., Warren, 
S. L., and Bishop, F. W. Quantitative roentgen ray study of certain pathological 
changes in dentine. Dental Cosmos, 75: ’729-738, 1933. 

"Mhicc, W. A. Dental Co.smos, 42: 117, 1900. 

''''Boedeker, C. F.. -and Applebaum, F>. Z>en^arCo.s’mo5;, 73: 995, 1931. 

Thewlis, hoc. cit. 

Boedeker, C. F., and Applehaum, E. Dental Cosmos, 75: 21, 1933. 
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surrounding dental caries by means of roentgen-ray films. They com- 
pared qualitatively areas of dentine of different opacities in the film with 
corresponding areas from the specimen. 

Cahn®® showed radiolucency in the root of a whole tooth as evidence 
of change in dentine. 

HeiwinkeP’^ studied the appearance of twenty-one 1 mm. thick tooth 
sections using reflected and transmitted light and roentgen rays, and 
noted a congruence in the pictures by transmitted light to the pictures 
by roentgen rays. Transparent areas in the dentine associated with caries 
were shown to be relatively radiopaque in some of the cases. 

Van Huysen, Hodge, Warren and Bishop®^ described a method of 
studying the changes in dentine by taking precise measurements of 
roentgen-ray opacities of different areas. They also studied the varia- 
tions in the roentgen-ray opacity of the dentine of certain teeth affected 
by caries. They adopted the following procedure: 

Three sections about 1 mm. thick were sliced near the center of a carious 
area of the tooth and then surface ground, piano-parallel with a variation not 
greater than about 0.1 mm. Two penetrometers were made of cast aluminum, 
which were experimentally shown to have the same coefficient of absorption of 
roentgen rays as the dentine. 

They were 15 mm. wide, 4 cm. long and were provided with eight steps, each 
5 mm. wide. The thickness of the first step was 2 mm., the following steps each 
0.25 less, so that the last step presented a thickness of 0.25 mm. The maximum 
variation of each step was about 0,1 mm. 

The three sections were arranged in a vertical row and flanked by a pene- 
trometer at each side of the sections. Two exposures were then made on the 
left and right half of a 5 x 7 inch roentgen-ray film wrapped in black carbon 
paper. The exposures were made with a 30 milliampere radiator-type Goolidge 
tube, controlled by a Waite and Bartlett oil-emersed single valve, one-half wave 
rectified equipment. Each exposure was made at 30 kilovolts, 28 milliamperes, 
2.5 seconds, with the target centered over the two sections 15 inches from the 
surface of the film. No filtration was used. 

After developing and drying, the density of the silver deposits in the film 
was obtained by means of the Gapstaff-Purdy densitometer built by the Eastman 
Kodak Company. This instruments measures a 0.5 mm.^ area of film and reads 
directly in density units. 

The average of 4 density readings on the film image of each step of the 
penetrometer were then plotted against the thickness in millimeters of alumi- 
num. Thus was obtained an absorption curve for the film used (density-thickness 
curve). A density reading in the dentine could now, with the aid of the density- 

^ Cahii, L. R. Dental Cosmos, 74: 1164, 1932. 

Heiwinkel. /. Za/znfiA., 48: Pt. 2, 247, 1932. 

Van Huysen, G., Hodge, H. C., Warren, S, L., and Bishop, F. W. Dental Cosmos, 

75: 729. 1933* 
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thickness curve, be readily interpolated into density value in terms of milli- 
meters of aluminum. 

The method of Van Huysen et al. offsets the qualitative nature of 
radiopacity as ordinarily observed in photographic films. Qualitative 
determinations obviously limit the value as a criterion of density of 
calcification for experimental purposes. 

They stated that it is possible to duplicate these results with a total 
error of less than 5 per cent. 

Hollander'^^ believed that the error in the foregoing method must be 
greater since they used a mean thickness value throughout the section, 
but did not include its precision measure in that of the entire deter- 
mination* He stated: 

“Our experience** with grenz-ray radiography of ground sections of teeth 
suggested that differences of considerably less than 5 per cent may be significant 
in studies of normal calcification. In order to measure such differences, a method 
has been developed for the measurement of radiopacity which is good to 0.5 per 
cent or better. This method employs soft x-rays and is based on the principle of 
the double ionization chamber described by Becker"^ for measuring minute 
changes in x-ray intensity. The apparatus was changed completely, however, in 
order to adapt it to the special requirements of a routine dental investigation. 
It consists of two symmetrical ionization chambers with a common collecting 
plate and individual charged plates at equal but opposite potential. Since the 
charge on the collecting plate represents the difference between the electrical 
effects in the two chambers, a string electrometer is used as a null instrument. 
The chambers are so placed over the grenz-ray tube that the radiation strikes 
their apertures symmetrically. A specially constructed mechanical stage, provided 
with coordinate scales in the usual way, supports the specimen directly under 
one aperture; under the other, which has the same diameter, there are placed 
standards of measurement made of aluminum foil. Thus the size of specimen on 
which measurements are made is determined by the aperture. A micrometric 
arrangement for varying the length of air column permits of interpolation. 
Before starting measurements, the mechanical stage is placed on a microscope 
and areas, designated by their coordinate scale readings, are chosen for study. 
These circular areas are recorded on a photomicrograph of the specimen. To 
determine thickness at each position, provision is made for cutting out each disc 
and measuring it with a micrometer caliper. 

The resulting apparatus is essentially a comparator whereby a minute area 
of ground section can be compared with a series of calibrated standards until 
two are found which most nearly match the unknown. Interpolation between 

Hollander, F. Ptoc. Soc, Exper, BioL ^ Med., 33: 388, 1935. 

Hollander, F., Applebaum, E., and Boedecker, G. F. Proc. Soc, Exper. Biol. & Med., 
30; 1315. 1933. 

Becker, J. A. Physical Rev., m: 134, igas. 
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these two values is effected by means of the air column scales. Measurements of 
the absorption coefficients are relative, being expressed as number of micra of 
aluminum which possess the same absorptive capacity. The precision of the 
method is indicated by the following: In a series of duplicate determinations on 
sixty different areas, the S.D. was ± 0.2 per cent or less in all but four instances. 
Also, for a micrometer caliper reading of ^jooac the S.D. was almost never greater 
than ± 0.3 per cent. Consequently the precision measure of the entire deter- 
mination is around ± 0.5 per cent for circa 0.25 mm.^ (0.7 mg.) of tooth sub- 
stance, Measurements on non-carious human teeth have already shown small 
but characteristic differences within individual sections as well as striking simi- 
larities among different teeth. For an experimental study involving animals with 
smaller teeth, it is necessary only that the aperture size be reduced to 0.5 mm.” 

In a recent paper Hollander and Vesely®^ reported “x-ray absorption 
coefficients of coronal and root dentine,” obtained with the precision 
micromethod described in Hollander’s article (see foregoing) . 

9. Examination of Ground Sections of Teeth by Reflected Light 
(Opaque Illumination). A type of microscope often employed in 
mineralogical studies is used.^’^ It is important to have a brilliant source 
of illumination, as an arc light, exactly centered to cast its beam hori- 
zontally through a lateral opening in the tube of the microscope onto a 
prism. This prism lies within the tube and is adjusted at such an angle 
that the light is thrown down onto the object. The light is reflected 
therefrom back up the tube to the eye of the examiner. An advantage 
of this method of examination is that it renders unnecessary the tedious 
preparation of thin ground sections. It is, however, absolutely necessary 
that the surface of the tooth be very highly polished and be placed 
parallel to the stage of the microscope. Beautiful photomicrographs, 
even at a magnification of 1600 diameters, have been made in this way. 

A somewhat similar method has been devised by Kohler and Sonnen- 
bursr <">4 which, however, does not require the special mineralogical or 
metal 'urgical microscope. 

(1) The tooth to be examined may be fresh or fixed. It may have been sub- 
jected to vital or supravital staining, or it may have been prepared by the Koch- 
Weil petrifaction method. Sometimes it is desirable in order to prevent too 
deep a penetration of the stain after grinding, to cover it with a thin layer of 
some transparent material, as an acetone-celloidin solution. 

(2) The tooth is then set in a plaster-of-Paris base, whose under surface 
determines—is parallel to— the plane of grinding. Enough of the tooth should 
project above this base to permit the focusing of a beam of light within the body 
of the tooth. The base is conveniently prepared as follows: Cut a section of 

Hollander, F,, and Vesely, E. Proc. Soc. Exper. Biol, if Med., 34: 158, 1936- 
friedebcrg. Deutsche Monatschr. f. Zahnh., 40: 57, 1922. 

Kohler and .Sonnenburg. Vrtljhrschr. f. Zahnhlk,, 29: 230, 1923, 
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rubber tubing, 1 inch or more in diameter and as long as the tooth in question. 
Mix a thin batter of plaster and pour it into the tubing which rests on a glass 
slab. The plaster should come up about half way in the tubing. The tooth should 
be inserted into the plaster in such a manner that the plane of the glass slab is 
parallel to the plane through the tooth, which it is desired to examine. 

(3) The tooth is held against a revolving grinding stone and ground down to 
the plane which it is desired to examine. It is most essential that the base be 
held in a plane parallel to the stone. This can be easily done by the use of 
various mechanical devices. 

(4) The ground surface is carefully and thoroughly polished on an Arkansas 
stone with aluminum oxide. 

(5) This surface is etched five, ten or twenty minutes with 6 per cent nitric 
acid, which is washed off with water. 

(6) The acid is neutralized by ammonia vapor. The block with the tooth is 
placed on a piece of blotting paper moistened with ammonia water and covered 
with a small bell jar. One can now immediately pass to (10) below or he can 
apply a stain. 

(7) Apply Delafield’s hematoxylin to ground surface, two to five minutes. 

(8) Differentiate in distilled water to which a little acid is added {ca. 1:20). 

(g) Repeat (6). A shorter time will suffice. 

(10) Wash in increasing concentrations of alcohol, then carbol-xylol, and 
attach a cover glass to the ground surface with Canada balsam. It is sometimes 
desirable, especially if high magnification be desired, to clear the entire tooth in 
glycerin or by the Spalteholz method before attaching the cover glass. 

After the balsam has hardened, the plaster base is broken off and the tooth 
is suspended by the cover glass into a small glass cylinder. 

The specimen is examined by the following manner of illumination: Hori- 
zontal rays from a carbon arc are filtered through water, and collected by a bi- 
convex lens which focuses them to a point within the substance of the tooth. 
This point lies in the optical axis of the microscope and below the ground 
surface to be examined. This ground surface forms an optical plane or section 
which is examined in the usual way by the microscope. 

Any number of such optical planes in a given tooth may be studied 
and photographically recorded, by simply removing the cover glass and 
grinding down to a new surface and repeating (4) to (10) of this 
method. 

10. Interglobular Spaces. These can usually be seen in unstained 
ground sections of teeth, particularly when they have been dried before 
mounting in balsam. However they can be made more conspicuous in 
at least three ways: 

(i) When the ground section is 0.5 mm. or slightly less in thickness, let it 
stand overnight in the dark in a i per cent aqueous solution of silver nitrate. 
Remove, rinse in distilled water, and then immerse in 1 per cent formalin in 
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direct sunlight until the specimen becomes deep black. Then finish grinding to 
desired thickness, polish and eventually mount in balsam. 

(2) Stain ground sections in a hematoxylin solution for a few minutes, par- 
tially decolorize with very dilute acetic acid. Control this under the microscope. 
Rinse in distilled water as soon as only the interglobular spaces retain their 
color: then into 1 per cent osmium tetroxide (osmic acid) for one hour. Wash, 
clear and mount. 

(3) {Charters White’s Method.) Sections of teeth, ca. 1 mm. thick, are dehy- 
drated, passed through ether and absolute alcohol (equal parts), and then into a 
stained celloidin solution for several days. The celloidin solution is made as 
follows: add fuchsin to absolute alcohol until a “dark port wine color is pro- 
duced,’' mix this with an equal part of ether and add celloidin to required con- 
sistency. Remove sections and dry by evaporation. They may be kept indefinitely 
in this condition. When desired they are ground to the required thickness, 
polished and mounted in balsam. 

II. Lymphatics of Pulp. a. Schweitzer^^ injected the blood vessels 
with a carmine mass and the lymph vessels with Berlin blue-turpentine- 
ether mixture, according to the method of Gerota.®® 

The animals were either killed by chloroform and immediately in- 
jected; or after rigor had passed were warmed to about 5o°c. The injec- 
tion was made into the common carotid or in the case of the smaller 
animals into the ascending aorta after opening a vein. The pressure 
must be maintained for some time in order to insure the injection of 
the gingival capillaries as indicated by the reddening of the mucosa. 
The lymph vessels were injected by the same method as that used for 
macroscopic studies, only with great care not to use too strong pressures. 
Schweitzer assumed that the lymph vessels of the pulp, if such exist, 
probably communicate by anastomosis with those of the parodontal tis- 
sue. Therefore, by injecting the lymph vessels of the gingiva near the 
teeth, it could be expected that under favorable conditions one might 
force the fluid from these into the lymphatics of the pulp, regardless of 
a flow in a retrograde direction. In this way Schweitzer actually suc- 
ceeded in filling lymph vessels in the pulp in some cases. Schweitzer’s 
experience leads him to a conclusion that when the purpose of the 
studies is to reveal the distribution of the lymph vessels, it is desirable 
to have the injection of the lymph vessels precede that of the blood 
vascular system. The tissues were fixed and hardened in formalin (alco- 
hol or Muller’s fluid, diluted 1:10) , decalcified in 1 per cent hydrochloric 
acid, imbedded in parlodion and serially cut at 200^. 

b, Dewey and Noyes. The work of Dewey and Noyes®'^ was done 
Schweitzer, G. Arch. /. mikr. Anat., 74: 927, 1909. 

®®Gerota. i 4 nz., 12: 216, 1896. 

Dewey, K., and Noyes, V. Dental Cosmos y 436, 1917. 
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chiefly on dogs. In ail instances the blood vessels were injected with 
carmine gelatin in order to eliminate confusion as to whether the 
channels were lymph vessels, or arteries and veins. After ligation of the 
superior vena cava and the arch of the aorta in two places and opening 
the jugular vein or the vena cava, the cannula was inserted into the left 
common carotid. The vessels were thoroughly washed out with physi- 
ological salt solution and the carmine gelatin mass injected. The body 
was cooled off under running water for from five to ten minutes. Before 
beginning with the injection of the lymph vessels, some time was al- 
lowed to pass, to insure the complete solidification of the gelatin. The 
head was severed, the fur removed, and the head warmed in warm 
water. They used the injecting mass which is now most frequently em- 
ployed, i. e. the Gerota mass. For this, 2 gm. Prussian blue (oil color in 
tubes) is stirred with 3 gm. turpentine oil in a glass mortar for five 
minutes, 15 gm. of sulphuric ether is added and this fluid is filtered 
through flannel or chamois skin. They used ordinary fine steel needles 
with Luer’s syringe. This facilitated keeping the injecting point as near 
the deep portions of the teeth as desired. While injecting, slight pres- 
sure was made with the finger over the place of the inserted needle, and 
after withdrawing the latter, gentle even massage was continued for 
some time. All excess of the fluid on the external surface was carefully 
washed off. The head was left on the table for an hour or longer, and 
thereupon placed in 20 per cent formalin. After twenty-four hours, or at 
any later period, the injected teeth were singly sawed out from the jaw, 
carefully opened, and the pulp removed and examined. 

Another method for injecting the lymphatics of the dental pulp was 
used by Dewey and Noyes and called by them “the direct method.” 
Because the individual injection of a number of teeth consumes con- 
siderable time, that of the blood vessels was made first. A hole was made 
in the tooth, reaching clown to the pulp, and a metal cannula made for 
this purpose was inserted. Injections were also made with Luer’s syringe 
and a steel needle, the point of which had been filed off to the base of 
the needle. Both the metal cannula and the syringe barrel were filled 
with a few cubic centimeters of Prussian blue by means of a medicine 
dropper. Pressure was exerted in the syringe with the piston over a 
column of air, in the metal cannula, through a pressure tank or by 
blowing with the mouth for longer or shorter periods into paper cones, 
the tapered ends of which were inserted into the cannula. Unless the 
needle or the cannula fits absolutely into the hole the fluid invariably 
flows back, at even very slight pressure. Special cannulas were made 
with a conical point to fit tightly in a hole made by a drill with a special 
thread; with these there was no backward flow. In using the pressure 
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tank, jerky movements produced by compressing the rubber tube in 
quick succession seemed to be more effective than an even pressure. 

Finally, the order of procedure was reversed, and the injection of 
Prussian blue was made before the blood vessels were filled and dis- 
tended with carmine gelatin, as it was evidently this condition which 
rendered the tissues so unduly resistant. The heads and necks of freshly 
killed dogs were kept warm by constantly applying hot wet cloths to 
them. Pressure was again effected by blowing or by the air-tank so ap- 
plied as to bring about the above-mentioned jerky movements. The 
injection of the blood vessels followed some time later. The results ob- 
tained with these procedures, although applied only on a few dogs, were 
positive in every case, and far superior to any of the previous ones. The 
blue injection mass had filled lymph vessels emerging from the maxilla 
and the mandible and passed in considerable quantities into the sub- 
maxillary lymph glands and deep cervical glands. 

Supplementary studies of the lymphatics of the pulp were made by 
an entirely different manner of investigation. A large number of rabbits 
and also a few dogs and cats were injected intravenously or intraperi- 
toneally with trypan blue or lithium carmine for various periods of 
time. In these, the blood vessels of the head were well injected with 
carmine or Berlin-blue gelatin, after which the tissue was put into 10 
per cent formalin. After hardening, the pulps of the incisors were re- 
moved and frozen sections were made. This method gave suggestive but 
not conclusive evidence that lymphatics are present in the dental pulp. 

12. Innervation of Pulp, Dentine and Dental Periosteum, a. 
Huber^^ used “intra-vitam” staining with methylene blue to differen- 
tiate myelinic and ammyelinic nerves in the pulp of the rabbit. Kill 
the animal with chloroform, insert cannula into common carotid, inject 
enough 1 per cent methylene blue in physiologic sodium chloride solu- 
tion to pigment deeply tongue and lips. In half an hour remove mandible 
and wipe with a clean dry cloth. Remove molar tooth with aid of 
bone-forceps. Cut away dentine on anterior and posterior surfaces. In- 
sert needle under one of the processes of the pulp and with slight 
traction carefully remove pulp with as little laceration as possible. Place 
pulp on slip moistened with physiologic salt solution. In a few moments 
the axis cylinders are found to be stained deep blue. For permanent 
preparations fix with a saturated aqueous solution of ammonium pi crate 
or ammonium molybdate: then mount in glycerin. Sections can be cut 
by placing the pulp between 2 fiat pieces of elderpith. 

h. Dependorf*^ used, successfully in his opinion, the methods of 

Huber, C. Dental Cosmos, p. 84, 1898. 

Dependorf, T. Deutsche Monatschr. f. Zahnh,, 31: 377, 1913. 
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Loewit, Bielschowsky and Held to demonstrate the entrance of nerves 
from the pulp into the dentine and their course in this tissue. 

He also studied the distribution of the nerves in the human alveolo- 
dental periosteum. His methods, given in detail, were applied to teeth 
immediately after removal from the body and cut into small pieces. 
Different staining methods were employed: (i) the Cajal method, (2) 
Bielschowsky method, (3) the Golgi method, (4) the Loewit method. 
A modification of the Loewit method gave the most beautiful results. 
The details of these methods as used by Dependorf follow: 

(1) Cajal Method, (a) Place small pieces in 1.5 to 3 per cent silver nitrate 
solution at 37°c. and keep in the incubator at 37°c. for from three to five days. 

(b) Rinse quickly in distilled water at 37°c. 

(c) Reduce in pyrogallol formalin solution. 

(d) Frozen sections may be made, or, in case of calcified sections, decalcify in 
5 to 10 per cent formic acid. 

(e) Imbed in celloidin and eventually, after sectioning, stain with the Knal 
silver solution (ammoniacal silver solution) according to Bielschowsky (thirty to 
fifty minutes). 

Small pieces can also after preliminary staining with silver nitrate be 
quickly washed and then counterstained with the Knal silver solution for 
one to two hours at 37°c. 

(2) Bielschowsky Method, (a) Fix small pieces in lo per cent formalin up to 
fourteen days or in 60 per cent alcohol plus 40 per cent formalin, 90:10. 

(b) Wash for from one to one and one-half hours in distilled water. 

(c) Cut frozen sections. The smaller pieces may also be stained further in toto 
and later cut. 

(d) Wash in distilled water, two to eight hours. 

(e) Immerse in 2 per cent silver nitrate for twenty-four to forty-eight hours or 
in the case of larger pieces up to four days. 

(f) Wash in distilled water, twenty-four hours. 

(g) Stain in the Knal silver solution according to Bielschowsky, thirty to sixty 
minutes; in the case of larger pieces, two to three hours at 37°c. 

(h) Immerse momentarily in 10 c.c. of distilled water plus 2 drops of glacial 
acetic acid. Rinse in distilled water. 

(i) Reduce in 20 per cent formalin solution with tap water, for twenty-four 
hours, and eventually counterstain by gold. 

(3) Golgi Method, (a) Fix small pieces in 8 parts of a 2 per cent potassium 
bichromate solution plus 1 part of a 1 per cent omsic acid solution. 

(b) After five days rinse in distilled water or in 1 per cent silver solution. 

(c) Immerse in a large volume of 1 per cent silver solution for six to four- 
teen days and keep in semi-darkness. 

(d) Absolute or 96 per cent alcohol, one-half to one hour. 

DetUsche Monatschr. fr Zahnh,, : iQi^, 
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(e) Counterstain in i per cent gold chloride solution (8 to lo drops in lo c.c. 
of absolute alcohol) one-half to two hours. 

(f) Rinse briefly in 50 per cent alcohol and in distilled water. 

(g) Carry over into 10 per cent sodium sulphite solution (five to fifteen 
minutes). 

(h) Wash for a prolonged period and counterstain. 

(4) Loewit Method, (a) Fix in formic acid solution (1 part formic acid, 2 
parts distilled water), five to ten minutes. 

(b) Immerse in 0.25 to 1 per cent gold chloride solution from a few hours 
to one-half a day in the dark. 

(c) Carry over into formic acid solution of strength above mentioned in (a), 
and leave for twenty-four hours in the dark. 

(d) Reduce in concentrated formic solution (twenty-four hours in the dark). 

An alternative procedure is (a) fix at 37°c.; (b) wash quickly in distilled 

water at 37°G.; (c) immerse in gold chloride solution (10 parts of distilled water, 
2 parts of 1 per cent gold chloride) for two to six hours at 37°c., (d) wash briefly 
at 37 (e) immerse in the formic acid solution, of the strength mentioned 
above in (a), for two days at; 37 ®c.; change once, keep in the dark, (f) Reduce 
and decalcify in concentrated formic acid for two to three days in the cold and 
in the dark. 

c. Fritsch'^^ also studied the innervation of the dentine. The method 
is as follows: 

(1) Fix in formalin four weeks at least. 

(2) Decalcify, Schaeffer’s method. 

(3) Cut frozen sections, Reich’s method. 

(4) Stain in methylene blue, Muench’s method, or better. 

(5) After Bielschowsky’s method keep sections twenty-four hours in water. 

(6) Treat with pyridine three to four days. 

(7) Wash in distilled water, twenty-four hours. 

(8) Treat with 3 to 5 per cent silver nitrate, five to eight days in the dark. 

(9) Transfer to a silver oxide bath for four to five minutes. 

(10) Treat with 20 per cent formalin for reduction. 

(u) Wash with acidified distilled water. 

(12) Wash thoroughly with distilled water. 

(13) Repeat the steps 9 to 12, best results coming from 10 to 12 repetitions. 

(14) Tone sections with gold. 

(15) Cover with gelatin on a slip by transferring from water to a solution 
having 10 gm. gelatin to 100 c.c. water, 

(16) Dry gelatin and examine sections under oil immersion lens. 

cL Tojoda^^ approached the problem of dentine innervation from 
a new angle. Using conventional stains he noticed phenomena in his 

'^Fritsch, C. Arch. f. mikr. Anat., 84: 307, 1914. 

“^^Tojoda’s method is published by Dieck, W. Korr. f. Zahnartze, 51: 138, 1927, 
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specimens suggestive of Liesegang’s rings. He suspected that these condi- 
tions were due either to a diffusion of silver nitrate in the stain through 
the gel of the dentine matrix or to the concretional structure of the 
calcospherites. Zocher of the Kaiser Wilhelm Institute of Physical and 
Electrical Chemistry showed that when the dentine gel was freed of the 
chlorine ions by electro-osmosis the rings did not appear. Then the 
specimens were cleared of the precipitate resulting from the presence 
of a minute fraction of acid and hydrated lime salts. This precipitate is 
said to envelop the nervous tissue, preventing it from taking the stain. 

The time of the electro-osmotic cleansing process is proportional to 
the size of the specimen. During this process the hue of the specimen 
gradually changes to a dead white in a direction from the cathode to 
the anode. When this change is completed the treatment is finished. 
The distilled water used must be changed frequently to avoid prolonging 
the process. 

Washing for twenty-four hours does not seem to remove the residual 
acid from the specimen. When after washing for twenty-four hours the 
specimen was placed in a tube with distilled water and the electric 
current passed through, the tube was heated as a result of lowered con- 
ductivity through the presence of free acid. When after washing two or 
three hours the specimen was placed in lithium carbonate, then washed 
for twenty-four hours and treated by electro-osmosis, no increase in 
temperature was noticed. 

The specimens are fixed in lo per cent solution of formic acid re- 
duced with a 10 per cent solution of formalin; then one proceeds to 
concentrate gradually. 

Bielschowsky’s stain seems to give the best results. Staining in block 
is preferred over staining in section. 

e, Berkelbach van der SprenkeP^ used the following technique: 

“The dentinal wall of normal, healthy canini is ground until 300-500/a in 
thickness. This leaves the pulp untouched and the cavity closed. Subsequently, 
the remaining part of the tooth is sawn into rings (not decalcified), and from 
these rings I made cross sections of about 40/a in thickness on the freezing 
microtome. These are then impregnated according to the Gros method, in which 
naturally, the normal undecalcified dentine absorbs the silver very avidly. 
Though not elegant this way proved to be the most efficient.” 

The same author studied the innervation of the dental periosteum in 
many horizontally cut series from the mandible of young mice according 
to the Castro-Somnifen technique, 

Berkelbach van der Sprenkel, H. B. /. 70: 233, 1936. 
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13. Form and Ramifications o£ Pulp Chamber and Canals, a. 
The work of aroused interest in this subject. 

Open the teeth from the occlusal surface into the pulp chamber: put in water 
for two or three weeks at about 37 °c., wash through with hot soda solution, 
slowly dry in hot air and surround the roots with blotting paper (to prevent 
plaster entering apical foramen). Imbed in plaster of Paris and insert into each 
tooth, with white glue, a high cardboard funnel. Carefully warm for a day over 
a sand or water bath, then slowly raise temperature until Wood’s metal in an 
adjacent dish begins to melt. Then pour molten Wood’s metal abundantly into 
the funnel to secure enough pressure. Gently tap the preparation against the 
table to help the downward flow of the metal. After cooling, remove plaster 
of Paris and saw away the excess metal projecting from the tooth. If the metal 
comes through the tooth and lies between the apical end and the blotting paper, 
good results may be expected. 

Put the specimen for two to three weeks in ca. 20 per cent KOH in an incu- 
bator, after which the metal core can be easily shelled out. Dry, varnish with very 
thin Canada balsam and mount. 

b. FischeA^ substituted celluloid for the metal casting of Preiswerk. 
The teeth were kept for several weeks in water at 37°c., to macerate 
the pulps. They were then gradually transferred to acetone solutions 
and finally injected with celluloid-acetone solutions of increasing con- 
centrations. After complete hardening (evaporation of the celluloid solu- 
tion) the injected teeth were macerated in pure HCl until every trace 
of organic or inorganic tissue had disappeared. 

c. Adloff. Another method has been employed by Adloff.'^® The 
teeth were first decalcified, then bleached in hydrogen peroxide by add- 
ing it to the decalcifying solution, dehydrated, and cleared in cedar-oil. 
Permanent preparations can be made by immersing the specimens in 
vials filled with Canada balsam (not xylol- or chloroform-balsam) . 

This method is applicable to teeth whose canals have been filled 
with Wood’s metal to demonstrate ramifications of pulp. The teeth, 
after they have been thoroughly cleared of pulp, decalcified and bleached, 
are invested in a casting-compound and the molten metal forced in by 
centrifugal force (tooth and investment at room temperature) . They 
should then be clarified. 

d. Fasoli and Arlotta'^'^ followed a slightly different procedure. They 
for ced Wood’s metal into empty canals of teeth. Some of these specimens 
were then radiographed while others were placed in a clearing solution 
(Spalteholz) . 

Preiswerk, G. Osterr,-ungar. Vrtljkrschr. f. Zahnh.f 17: 145, 1901. 

Fischer, G. Deutsche Monatschr. f. Zahnh,, 25: 544, 1907. 

■‘'Adloff, P. Deutsche Monatschr. f. Zahnh,, $1: 445, 1913. 

"■ Fasoli, G., and Arlotta, A. La Stomatologm, n: 409, 1913. 
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e. MoraP^ opened wide the pulp chamber of the tooth, which was 
then macerated and briefly bleached in hydrogen peroxide. It was then 
washed and dried. China ink was introduced after examination with a 
lens showed freedom from cracks. A fine smooth broach was used to 
introduce the ink as deeply as possible. Then the teeth were fixed up- 
right on a glass plate and set in a moist chamber. The apices were di- 
rected downwards so that the ink of its own weight would tend to 
penetrate more deeply. When the ink came through to the apex (this 
usually took twenty-four hours) the tooth was removed from the moist 
chamber, dried, and after two to three days placed in 15 per cent nitric 
acid for decalcification. Hydrogen peroxide was added to decalcifying 
fluid for bleaching and the specimen clarified following Krause’s 
method.'^^ 

/. Hess and Zurcher^^ have studied this field very thoroughly. Ex- 
tracted teeth are drilled into and the pulp cavity is exposed, without 
however penetrating into the root-canals. Then the teeth are placed in 
a vessel filled with drinking water, and kept from three to four 
months in the thermostat at a temperature of 37°c., until the canals 
can be syringed through from the pulp chamber with a solution of soda 
at a temperature of 40^0. This result might be obtained in half the 
time if hydrogen peroxide, free from acid, were used. The teeth are 
washed for twenty-four hours in absolute alcohol, and are then dried 
for twenty-four hours at the temperature of a living-room. 

Then the roots of the teeth are wrapped in blotting paper to the 
enamel margin, and they are imbedded in plaster of Paris in an ordinary 
well-fitting vulcanizing flask, so that the plaster of Paris covers the 
tooth up to the pulp cavity. When the plaster of Paris has hardened, 
the pulp cavity of each tooth is packed with rubber, the surface rubbed 
with talc, and the counter-mould made. 

After the hardening of the plaster, the flask is opened and the root- 
canals and the pulp chambers of the teeth are packed as firmly as possi- 
ble with ordinary red vulcanite. To avoid adherence to the counter- 
mould a piece of linen is placed between the two halves. The flask is 
now put into warm water and boiled for about twenty minutes, and 
afterwards closed by gradually increasing pressure. When the rubber has 
penetrated into the root-canals from the pulp chamber, another piece of 
rubber is put over each pulp cavity, and the flask is then boiled for 
twenty minutes and again closed by gradual pressure. The flask is then 

Moral, H. Deutsche Monatschr. f. Zahnh., 52: 617, 1914, 

Krause, R. 34: 133, 

Hess. VV., and Ziircher, E. Anatomy of the Root Canals of the Teeth. Lond., 1925. 
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kept for several hours under the press, gradually cooled, and then during 
one hour vulcanized under a pressure of 7 atmospheres. 

When removed from the vulcanizer, and after cooling the flask, the 
teeth can be removed from the plaster of Paris with the usual precau- 
tions, as now the plaster of Paris is worked easily; or, if not yet soft 
enough, the flask should stand in water for some days, to soften the 
plaster of Paris. 

After the teeth have been rinsed in water, they are dissolved in a 
solution of 50 per cent pure hydrochloric acid, which can be done in the 
thermostat at a temperature of 25^0. to in a few hours. The corro- 
sion preparation is now rinsed carefully in running water, freed from 
the excess of vulcanite, and planted in a plaster of Paris block to form 
permanent preparations. 

g, Barrett^^ has confirmed and extended these observations by simply 
following the dental pulp through a series of celloidin sections, stained 
with hematoxylin and eosin, of human teeth, cut approximately parallel 
with the occlusal surface. 

14. Innervation of the Gingiva. Mowry,^^ who studied the nervous 
supply of the gingiva, obtained results by two methods of staining: one 
a modification of the Ranvier and Cohnheim gold chloride method (a) 
and the other a modification of the Bielschowsky silver nitrate method 
(b) . Besides using selective stains he advises the use of fairly thick sec- 
tions (15/X or more) and the tracing of the fiber through changing 
foci. 

(а) Ranvier and Cohnheim gold chloride method (modified): 

(1) A piece of fresh tissue is fixed for at least forty-eight hours, in 10 per cent 
neutral formalin (40 per cent solution of gaseous formaldehyde). 

(2) The tissue is washed in distilled water for fifteen minutes, and frozen sec- 
tions (i5At) are cut and floated on distilled water. 

(3) The selected sections are placed in a small dish of freshly expressed and 
filtered juice of a lemon and left to be mordanted for ten minutes. 

(4) The sections are washed rapidly in distilled water and stained with a 
fresh 1 per cent solution of gold chloride for one hour. 

(5) The sections are then transferred directly to a large quantity of acidulated 
water (10 c.c. of acetic acid to 250 c.c. of distilled water), and left for twenty-four 
hours, during which time the nerves become apparent. 

(б) The sections are then washed in water and differentiated for thirty sec- 
onds in 50 c.c. of a freshly prepared solution of 5 per cent sodium thiosulphate. 

(7) They are then washed for two minutes in distilled water and counter- 
stained rapidly by dipping, and removed immediately from a concentrated solu- 
tion of picric acid. 

Barrett, M. T. Dental Cosmos ^ 67: 581, 1925. 

**^Mowry, D. P. Innervation of the gingiva. /. Am. Dent. Assoc,, 1050, 1950. 
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(8) The sections are washed well, and rapid but thorough dehydration fol- 
lows. They are then cleared in xylene and mounted in Canada balsam. 

(9) The nerve fibers are stained a dark purple, while other tissue is yellowish. 

(h) Bielschowsky silver nitrate slam (modi fie 

(1) A piece of fresh tissue, not exceeding 1 mm. in thickness, is fixed for at 
least forty-eight hours in ro per cent formalin. 

(2) The tissue is washed in distilled water for fifteen minutes and thin frozen 
sections are cut and floated on distilled water. 

(3) The sections are placed in pure pyridine for three hours to be mordanted 
at 37 °G., and washed for one hour in distilled water to remove the odor of the 
pyridine, 

(4) Selected sections are placed in a darkly covered bottle of freshly made 
and filtered 2 per cent silver nitrate solution, and left for eighteen hours to be 
impregnated at 37° c. 

(5) These are then washed rapidly in distilled water and transferred for 
from five to fifteen minutes, to the following ammoniacal silver bath: To 5 c.c. 
of 10 per cent silver nitrate, add 3 drops of fresh 40 per cent sodium hydroxide, 
in which a precipitate will form. Decant, wash the precipitate several times and 
add up to 20 c.c. distilled water. Redissolve the precipitate by adding ammonium 
hydroxide drop by drop, not exceeding 1 5 drops, and filter through a filter paper 
previously moistened with distilled water. 

(6) The sections are washed rapidly in distilled water and placed in 10 per 
cent formalin, to reduce for ten minutes, or until the white cloud disappears 
and the sections turn black. 

(7) It is essential to filter all solutions and baths, to use glass needles and to 
agitate sections constantly after step 4. Wash sections well, usually about fifteen 
minutes after formalin reduction and differentiate in a 1 per cent solution of 
cyanide of potassium for from one to four minutes. (This is a very important 
step.) 

(8) The sections are then washed for two minutes in distilled water and 
placed in a 0.5 per cent solution of gold chloride to which 3 drops of acetic acid 
have been added, for ten minutes, or until the sections turn gray. 

(9) The sections are now washed in water for one minute; and further re- 
duced in 5 per cent sodium- thiosulphate; again washed well in water and coun- 
terstained very lightly with hematoxylin. 

(10) The sections are next dehydrated quickly in 95 per cent absolute alco- 
hol, cleared in oil of bergamot, and mounted from xylene with Canada balsam. 

Nerve fibers are stained characteristically black; other fibers and 
reticulum, pale brown or darkly yellowish. Where nerve and other fibers 
are intimately associated, careful focusing will, in properly differentiated 
slides, permit the distinction between them. 

^Oertel, H. M.T. 18: 145,1928, 
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15. Transplantation of Tooth-germ Elements. Homogenous and 
heterogenous transplantation of tootl>germ elements was carried out by 
Legros and Magitot®^ in 1874. The odontogenetic tissues were obtained 
from pups twenty-one to twenty-eight days after birth. In the hetero- 
genous experiments the explants were grafted subcutaneously into guinea 
pigs or adult dogs. Without the knowledge of modern aseptic procedure 
it is remarkable that these men obtained positive results in 7 of 26 cases 
of homogenous grafts of the entire tooth-germ follicle. Tooth develop- 
ment was actually observed in these cases. In 3 of 16 cases whereby pulp 
tissue was removed and transplanted, dentine was formed by the trans- 
plant. Heterogenous grafting proved unsuccessful. 

Huggins, McCarroll and Dahlberg^^ followed the autogenous method 
of grafting different odontogenetic elements in the connective tissue of 
the abdominal wall of young pups. The formation of dentine and 
enamel was achieved. For the development of the latter the presence and 
contact of the ameloblasts with the ameloblastic layer proved to be a 
conditio sine qua non. Otherwise cytomorphosis occurred in the high 
cylindrical enamel forming cells resulting in epithelial structui'es resem- 
bling the gingiva, ameloblastomata and related structures. The odonto- 
blasts were found capable of survival and function as such. The authors 
describe their methods as follows: 

“Young dogs between the ages of three and six weeks were used and all op- 
erations were done under ether anesthesia. An aseptic manner of operating in 
the mouth was impossible to attain and was found not necessary; the grafts were 
extraordinarily free from infection. The instruments used in the mouth were 
sterilized by heat, the operative field was swabbed with iodine and after isola- 
tion of the dental follicle, the tissues were removed with fresh instruments into 
sterile Ringer's solution. The abdominal operation was then done with asepsis. 

“The material grafted consisted in the soft tissues of the unerupted permanent 
canine tooth which was selected because of its large size and ease of accessibility. 
The canine tooth in the upper jaw was always found anterior and superior to the 
root of its deciduous precursor; to remove this tooth a 2.5 cm. incision was 
made in the gingiva covering the lateral aspects of the superior maxilla parallel 
to the root of the temporary canine tooth, down to the bone; the periosteum was 
reflected and the thin plate of bone overlying the tooth removed intact. Removal 
of the tooth in the mandible was slightly more difficult; after making parallel 
incisions in the gum margin, medial and lateral to the temporary teeth, the 
periosteum was reflected from the mandible, and a wedge-shaped piece of bone 
was sawed away just posterior to the deciduous canine, exposing the permanent 
tooth in the medial aspect of the mandible. Wounds in the jaw were not sutured. 

“The dental follicles were opened and the calcified cone of dentine and 

‘^Legros, G., and Magitot, E. Compt. rend. Acad.^ 78: 357, 1874. 

Huggins, C. B., McCarroll, H. R., and Dahlberg, A. A. J, Med., 60: 199, 1934. 
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enamel was always discarded. In a number of cases, an x-ray photograph of the 
soft tissue was made before transplantation, and in all cases some tissue was ex- 
cised from the graft for histological control. It was regularly possible to cleanly 
remove the pulp with its odontoblast layer from the dentine without adherent 
calcified particles, but it was much more difficult to dissociate calcified enamel 
from the ameloblast layer, and in many cases a few small bundles of preformed 
enamel were transplanted inadvertently with the epithelial layer. 

“The abdominal site for reception of the transplant was prepared by making 
a 2 cm. incision in the skin and external oblique muscle. The grafts were in- 
serted between the internal and external oblique muscles, and the latter was then 
sutured as well as the skin with fine silk. 

“The animals were kept from two to fifty-six days on a stock diet of meat 
scraps, bread and lettuce, with an unlimited supply of cow's milk. A special 
group in which the known vitamin content of the food was maintained at a 
high level, was fed in addition by daily gavage a supplementary ration consist- 
ing of butter, 12 gm., tomato juice 12 c.c., fresh yeast 4 gm., irradiated ergosterol 
(1000 d ) 2 drops. 

“The soft tissues of the developing tooth at this stage consist of (a) the pale 
white pulp with odontoblasts on the surface and (b) the red epithelial layer 
consisting of an innermost cylindrical cell layer, the ameloblasts; next a cuboidal 
row of cells, the stratum intermedium; and outermost a thin layer of flattened 
epithelial surrounded by connective tissue with a rich vascular supply. The 
odontoblast-pulp membrane is joined at its base, where the blood vessels and 
nerves enter, with the more embryonic portion of the epithelial layer, the epi- 
thelial sheath of Hertwig, precursor of the tooth root. The membranes are 
separated normally by the more or less calcified tooth shell of dentine and 
enamel which in these experiments was always removed and discarded. The 
relationship of these membranes in the graft was, as will be shown, a determin- 
ing factor in the product of the transplantation. The membranes were trans- 
planted in various combinations and the distinct difference in color made for 
the ease in anatomical separation. First, the membranes were cut across so 
that the epithelial layer (Method a ) and the pulp-odontoblast layer (Method b) 
could be transplanted to different parts of the abdominal wall. Secondly, the 
membranes were transplanted together (Method c) so that the epithelial layer 
had a quasi-normal relationship to the pulp and the cylindrical ameloblasts 
were in close proximity to the odontoblasts; and in another series the epithelial 
layer instead of ensheathing the pulp was drawn upwards so that these mem- 
branes were in continuity but not approximated (Method d). Thus in the ex- 
periments done using Method n the epithelial layer bore a ‘skin-the-rabbit’ 
relationship to the pulp. In another series (Method e), a transverse section of the 
pulp was circumcised so that all of the odontoblasts were removed together 
with a thin layer of underlying pulp cells; thus the surface cells of the pulp 
were transplanted to a different location from that of the central pulp cells. In 
Method F, a sheet of mouth epithelium covering the mandible was excised and 
transplanted to the abdominal wall." 
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In 1033 Nakamura^® rendered an account of his experiments on “auto- 
plastic'’ transplantation of the persistent mandibular incisor tooth-germ 
of the rabbit to the brain, spleen and liver. He used 93 Manchurian 
rabbits. Enamel, dentine, osteodentine, the sheath of Hertwig, stellate 
reticulum, stratum intermedium, dentogingival lamina, squamous epi- 
thelium, ameloblastomatous structures, epithelial rests, dental pulp tissue 
and osteoid tissues developed. Cementum was never encountered. No 
appreciable absorption was noticed up to the eighty-third day. The 
formation of hard structures was greater in the spleen than in the brain 
or liver. 

In 1934 Nakamura®'^ reported on “auto- and homoioplastic" transplan- 
tation experiments for which 81 rabbits were used. Observations were 
made over one to 104 days, after which absorption and necrosis were 
noticed. 

16. Development of Tooth Germs in Vitro. The only report on 
this subject is that of Glasstone.^® His material and methods are quoted 
herewith: 

“The tooth germ of eighteen to twenty-one day rat embryos were cultivated. 
Molars and incisors which had not yet begun to form dentine were explan ted 
whole; in those incisors where a cap of dentine had formed on the tip, this cap 
together with the enamel epithelium was removed and the dentine papilla itself 
was explanted. In performing this last operation some of the odontoblasts re- 
mained adherent to the cap of dentine whilst some were left behind on the tip 
of the dentine papilla. In some of the explants a little of the enamel epithelium 
also remained attached. Owing to the small size of the dentine papilla it was not 
possible to remove the ameloblast completely without irreparable damage to the 
tissue. 

“As extirpation had to be done with the strictest aseptic precautions and 
the removal of teeth from post-fetal rats under such conditions is almost impos- 
sible, the necessary material had to be obtained from embryos. 

“The tooth germs for cultivation were dissected out with a cataract knife 
and a needle from both upper and lower jaws and washed in saline. In order 
to determine the stage of development of each tooth one tooth was removed for 
extirpation, whilst the corresponding tooth from the opposite side of the jaw 
was fixed either in situ in a fragment of the jaw or after removal and sectioned 
to serve as control. 

“The culture methods employed were the hanging-drop and watch-glass 
techniques. In the hanging-drop method the explants were placed in a clot of 
medium composed of 1 drop of fowl plasma and 1 drop of embryo extract made 
with Pannett and Compton's saline from ten to eleven day chick embryos. The 
c ultures were grown on 1 inch square cover slips inverted over a hollow 
Nakamura, G. Kokubyo-Gakkai-Zasshi, y: 12, 1953. 

Kokubyo-Gakkai-Zasshi, S: 94, 1934. 

Glasstonc, S. J. Anat., 70: (pt. 2) 260, 1936. 
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ground slide sealed with paraffin wax and incubated at 37°c. The explants were 
transferred to fresh medium every seventy-two hours. 

“In the watch-glass method 4 drops of fowd plasma and 4 drops of embryo 
extract were mixed in a watch-glass which was enclosed in a Petri dish sur- 
rounded with cotton-wool saturated in sterile water. A large hole was cut in 
the cotton-wool to allow transillumination of the explants for microscopical 
observation. The tissue which was grown on the surface of the clot was removed 
from the old medium every seventy-two hours, washed in saline and transferred 
to a fresh clot. 

“The explants were fixed at different periods of growth in Zenker’s solution 
containing 3 per cent glacial acetic acid for thirty minutes, then washed, dehy- 
drated, cleared in cedar-wood oil and imbedded in paraffin wax. Serial sections 
were cut and were stained with iron hematoxylin and chromotrope.” 

Whole or partial tooth germs cultivated showed remarkable powers 
of histological differentiation. 

17. Precipitin Reactions with Bone and Teeth. Plathner'^^ used 
freshly extracted teeth which were thoroughly cleaned of bone, soft tissue 
and blood and then pulverized until finally the powder passed through 
a silk screen of 0.15 mm. mesh. To this powder was added a physiologi- 
cal salt solution in a 2:3 ratio. Both were then agitated for twenty-four 
hours to increase the solubility of the powder. After centrifuging under 
sterile precautions the extract was removed into a sterile tube and again 
centrifuged. The albuminous content of the extract was then determined 
by the Hauscher capillary method. Antisera were used with a titer of 
1:20,000. 

Fresh human and animal teeth gave within twenty-four hours a spe- 
cies specific precipitin reaction. Intact human molars formed exceptions, 
also enamel. The author believes that teeth long buried in the ground 
or exposed to the air may not give any reactions. 

Henrici^^ tested the feasibility of determining the origin of arche- 
ologic relics composed of bone or ivory by means of immunological re- 
actions. 

A fox's skull was thoroughly cleaned of all adherent soft tissue, the 
bone crushed and ground to powder (the largest particles of powder 
were =^= 0.5 mm. in diameter) . The teeth were ground separately. Bone 
and teeth were then extracted with a volume of salt solution slightly 
less than the volume of ground material, for two hours at room tempera- 
ture, shaken repeatedly, and then kept over night in the ice box. Pre- 
cipitin tests with these extracts were completely negative with the teeth, 
and very faintly positive with the bone, the reaction with the latter being 
about the same in degree as with fox-serum diluted 1:100,000. 

Plathner, H. Deutsch, Ztschr. f. d. ges. gerichtl. Med,, 23: 61, 1934. 

“Henrici, A. T. Proc. Soc. Exper. Biol, ir Med., ^4: 343, 1936. 
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The precipitate was obtained by injecting four rabbits with fox- 
serum twice weekly for twelve weeks. The pooled serums precipitated 
with fox-serum in dilutions up to 1:500,000. 

The experiment indicated that the precipitin test, while not abso- 
lutely hopeless, is not very promising. 

18. Capillaroscopy. With regard to changes in the pai'odontia of 
teeth, retarded development of the jaws, oral symptoms of metallic 
poisoning and to investigate the clinical value of capillaroscopy, capil- 
laries of the gingiva and lips have been studied both in vivo and in 
sectioned material.^i 

Schulze, J. W. tiber die Beobachtung der Kapillaren an Zahnfleisch des lebenden 
Menschen. Zhnarztl. Rndsch., 34: 803-6, 1925. 

Bartoschek, T. Kapillaroskopie als klinische Untersuchungsmethode. Przeglad 
Dentystyczny, No. 10, 1929. Abstr. ZhndrztL Rndsch,, 39: 394-5, 1930. 

Bettmann. Capillarmikroskopische Befunde an der Lippenschleimhaut. Ztschr. f. 
Anat. 'll. EntwickL, 91: 391-40, 1929. Abstr. Deutsche Monatschr. f. Zahnh. 48: 1244, 
1930. 

Hunold, K. Capillaruntersuchungen bei Kindern mit Entwicklungstorungen am 
Kiefer. Deutsch. Zahndrztl. Wchnschr., 32: 31; 68, 1929. Abstr. Deutsche Monatschr. f. 
Zahn.,4&: 391-2, 1930. 

Sturm, H. Atiologie und kausale Therapie der chronischen Alveolarpyorrhoe. Ztschr. 
f. Stomat., 27: 887-905, 1929. 

Back, H., and Redisch, W. Die Kapillaroskopie der Gingiva. Ztschr. f. Stomat,, 28: 
552'7^ 1930* 

Bettmann. tiber die klinische Verwertung der Capillarmikroskopie an der Lippen- 
schleimhaut, A 7 m. kkc/irwchr., 9: 2089-91, 1930. 

Scholl, H. tiber das Verhalten der Zahnfleischkapillaren bei Sulfidsaumbildung. 
Paradentium (Sonderbeil. d. Zahnarztl. Rdsch.), 2: 86-91, 1930. Abstr. Deutsche Monat- 
schr. f. Zahnhk., 4S: 1523, 1930. 

Bruske, J. S. De essentieel-parodontale atrophic, capillairen en constitutie. Tijsschr. 
V. Tandhlk., 43: 355-62, 1936, 


METHODS FOR THE INTERCELLULAR SUBSTANCES OF 
THE CONNECTIVE TISSUES 

F. B. Mallory and Frederic Parker, Jr. 

Fibroglia fibrils 402. Collagen 404. Elastic fibrils 413. Mucin 416. Amyloid 417. 

It is probable that all the intercellular substances of the connective 
tissues are formed by one protean cell, the fibroblast. It produces fibro- 
glia, collagen and elastic fibrils, mucus, the ground substances of cartilage 
and bone and, under certain pathologic conditions, amyloid. Reticulum 
is a term applied to that form or arrangement of collagen which is col- 
ored intensely by silver stains apparently simply as the result of a physi- 
cal condition, namely, separation into single fibrils or minute strands of 
them by cells, elastic fibrils or fluid. 

I, Fibroglia Fibrils 

Fibroglia fibrils are in intimate relation with the cystoplasm of the 
fibroblast, running over its surface and extending out along its processes 
in the same way that neuroglia fibrils do. They are very delicate, straight 
or slightly curved, run in parallel lines and are definitely separated from 
one another. They seem to pass from cell to cell, thus aiding to form a 
syncytium. 

Fibroglia fibrils are most evident when fibroblasts are leading an 
active existence as in granulation tissue, in the organization of fibrin 
(thrombi, etc.) in the stroma of cancers and in fibrosarcomas if the latter 
are not growing too rapidly. In the spleen and kidneys they can readily 
be demonstrated, but in certain tissues such as the heart, the endo- 
metrium, the ovary, etc. they are not in evidence under normal condi- 
tions. 

In order to demonstrate fibroglia fibrils the tissue must be absolutely 
fresh for best results, that is, removed surgically and placed in a fixative 
within one to five minutes after it is taken from the living body. The 
reason for this is that the fibrils quickly lose their staining properties 
post mortem. 

I. Fixation. The only fixative recommended is Zenker’s fluid and 
the tissue must be cut into thin sections not over 2 to 4 mm. thick. Fair 
results can be obtained by Zenkerizing formaldehyde fixed tissue but the 
procedure is not to be encouraged. 
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(1) Zenker’s fluid, twenty-four hours. 

(2) Running water, twenty-four hours. 

(3) Alcohol, 80 per cent, twenty-four hours. 

2. Staining. There are two staining methods which are particularly 
useful and more or less specific for the demonstration of fibrogli a fibrils: 
a, phospho tungstic acid hematoxylin, which led to their discovery, and b, 
acid fuchsin followed by permanganate of potassium. Two other stains 
often bring them out with great distinctness, namely, the eosin (phlox- 
in) -methylene blue method which colors them a bright pink, and the 
aniline blue collagen stain by which method they are dyed an intense 
red by the acid fuchsin. 

a. Mallory's Phospho tungstic Acid Hematoxylin Stain. 


Water 100.0 c.c. 

Hematoxylin 0.1 gm. 

Phospho tungstic acid crystals 2.0 gm. 


Dissolve the hematoxylin by the aid of heat in part of the water and add it 
after it is cool to the acid dissolved in the rest of the water. No preservative is 
necessary. The solution requires several weeks in order to ripen, but may be 
ripened at once by the addition of 10 c.c. of a 0.25 per cent aqueous solution of 
permanganate of potassium. 

Hematein ammonium may be used instead of hematoxylin but re- 
quires 5 c.c. of the permanganate solution to ripen it fully at once. 

Staining Method. Zenker fixation, paraffin sections. Treat sections 
with iodine in the usual way in order to remove the mercury precipitate 
and then extract the iodine by means of alcohol or a 0.5 per cent solu- 
tion of hyposulphite of sodium and finally get them into water. 

(1) Place sections in a 0.25 per cent aqueous solution of permanganate of po- 
tassium for five to ten minutes. 

(2) Wash in water. 

(3) Oxalic acid, 5 per cent aqueous solution, ten to twenty minutes. 

(4) Wash thoroughly in several changes of water. 

(5) Stain in phosphotungstic acid hematoxylin for twelve to twenty-four 
hours. 

(6) Transfer sections directly to 95 per cent alcohol, followed by absolute. 
Dehydrate quickly because alcohol readily extracts the red part of the stain. 

(7) Clear in xylol and mount in xylol balsam. 

The solution stains nuclei, centrosomes, achromatic spindles and 
fibroglia, myoglia and neuroglia fibrils, fibrin, and the contractile ele- 
ments of striated muscle blue, collagen (including reticulum) , and the 
ground substances of cartilage and bone varying shades of yellowish to 
brownish red. Coarse elastic fibrils are sometimes colored a purplish tint. 
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U celloidin sections are used, clear with xylol from 95 per cent alco- 
hol by means of the filter paper blotting method. Origanum and other 
oils cause the blue stain to fade. 

Fair results may sometimes be obtained after formaldehyde fixation 
if the tissues are first carried through Zenker’s fluid but the method is 
not recommended. 

b, Mallory's Acid Fuchsin Stain. Zenker fixation, paraffin sections. 

(1) Stain in a 1 per cent aqueous solution of acid fuchsin overnight in the 
cold or for one hour in the paraffin oven (54 °c.). 

(2) Drain slides and differentiate in a 0.1 per cent aqueous solution of per- 
manganate of potassium for forty to sixty seconds. This step must not be pro- 
longed beyond the exact time needed or the section will be decolorized. 

(3) Dehydrate in 95 per cent alcohol followed by absolute. 

(4) Clear in xylol and mount in xylol balsam. 

Nuclei and fibroglia fibrils red, collagen pale reddish yellow, elastic fibrils 
bright lemon yellow, red blood corpuscles purplish red. 

IL Collagen 

Collagen consists of exceedingly delicate fibrils which usually present 
a wavy appearance. They may be more or less widely separated from 
each other, or united into thin or coarse strands, or fused into fibrillar 
or homogeneous masses. Reticulum is the term applied to collagen which 
has been stained by the silver method and this occurs only under certain 
physical conditions, namely, when the individual fibrils or small strands 
of them are separated from each other by cells, elastic fibrils or fluid, but 
not when they are compacted. The appearance of the deeply stained 
fibrils is so striking in contrast with the lightly staining denser masses of 
collagen that they have very generally been assumed to be of a different 
chemical nature without taking into consideration the results obtainable 
by the application of other staining methods for collagen. Their origin 
has been attributed by many to endothelial cells or to reticulum cells. 

I : Fixation. Collagen fibrils retain their characteristic staining 
properties a long time post mortem but absolutely fresh tissue should be 
preferred for the study of them whenever obtainable. Any fixative may 
be employed, but Zenker’s fluid is recommended over all others. A va- 
riety of more or less specific stains is available for demonstrating them. 
The oldest and most generally useful is Van Gieson’s because it works 
well after all the ordinary fixatives, but it does not stain the fibrils so 
intensely as is desirable. 
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2. Staining, a. Van Gieson's Piero Acid Fuchsin Solution. This was 
originally made by adding to a saturated aqueous solution of picric acid 
enough of a saturated aqueous solution of acid fuchsin to give to the 
fluid a deep garnet-red color. Nowadays it is usual to employ a i per cent 
aqueous solution of acid fuchsin and to add 5 to 15 c.c. of it to 100 c.c. 
of a saturated aqueous solution of picric acid according to the intensity 
of stain desired, or the nature of the fixative employed. 

Staining method: 

(1) Stain paraffin sections rather deeply with alum hematoxylin. 

(2) Wash in water. 

(3) Stain in Van Gieson’s solution for five minutes or more. 

(4) Transfer directly to 95 per cent alcohol followed by absolute. 

(5) Clear in xylol and mount in xylol balsam. 

For celloidin sections clear in origanum oil after 95 per cent alcohol. 

The two drawbacks to this method are that the red stain of the col- 
lagen is not intense enough and that it tends to fade. This latter fault 
may be obviated in the future by employing the new acid fuchsin, Lot 
#39, recently introduced by French and guaranteed not to fade. 

h. Mallory's Aniline Blue Collagen Stain. Zenker fixation. 

(1) Stain paraffin or celloidin sections in a .25 per cent aqueous solution of 
acid fuchsin for thirty minutes. 

(2) Drain and pass sections directly to the following solution: 


Water 100 c.c. 

Aniline blue W.S. 0.5 gm. 

Orange G (85-90 per cent dye content) 2 gm. 

Phospho tungstic acid (Merck) 1 gm. 


Stain for one to twenty-four hours, or longer if the deepest color obtainable is 
desired. An hour in the paraffin oven gives as good a result as overnight in the 
cold. 

(3) Transfer directly to 95 per cent alcohol, two or three changes, until no 
more color is given off. 

(4) Absolute alcohol, xylol, neutral Canada balsam. 

For celloidin sections use 95 per cent alcohol and clear in oleum origani 
cretici or by the blotting paper xylol method. 

Collagen fibrils, the ground substances of cartilage and bone, mucin, 
amyloid and certain other hyaline substances are stained varying shades 
of blue; nuclei, fibroglia, myoglia and neuroglia fibrils, axis cylinders and 
fibrin red; red blood corpuscles and myelin yellow; elastic fibidls pale 
pink or yellow. If it is desired to bring out the collagen fibrils as sharply 
as possible, omit the staining with acid fuchsin. 

This staining method as used for many years contained phosphomo- 
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lybdic acid which often caused fading of the acid fuchsin. Phospho- 
tungstic acid has been substituted for it with beneficial results. 

c, Verocay's^ Stain for Collagen, Any fixative can be used; and frozen, 
celloidin or paraffin sections. All sections must be closely attached to the 
slip before staining in order to prevent shrinking by the mordant, par- 
affin sections by means of egg albumen in the usual way, and then in 
addition, like the frozen and celloidin sections, by means of a thin solu- 
tion of celloidin poured over them after they have been pressed onto the 
surface of clean, fat-free slips. Hai'den the celloidin in chloroform fol- 
lowed by 8o per cent alcohol. 

(1) Wash sections thoroughly in water. 

(2) Mordant them in a 1 per cent aqueous solution of chromic acid at 46 °c. 
or thereabouts for ten to twenty-four hours or more. 

(3) Wash thoroughly in several changes of water. 

(4) Stain in Delafield's hematoxylin (which must not be too old) for one-half 
to one hour or longer. 

(5) Dehydrate in 95 per cent alcohol. Clear by the blotting paper xylol 
method and mount in xylol balsam. 

Collagen is stained dark blue by this method. 

d, Mallory's Phosphomolyb die Acid Hematoxylin Slain for Collagen. 
Zenker fixation, paraffin sections. 

(1) Stain sections in the following solution for twelve to twenty-four hours or 
more, or in the paraffin oven at 54 °c. or thereabouts for two to three hours. 


Hematoxylin 1.0 gm. 

Phosphomolybdic acid crystals 2.0 gm. 

Water 100 c.c. 


The solution requires several weeks in order to ripen but may be ripened 
at once by the addition of 5 c.c. of a 1 per cent solution of permanganate of 
potassium. 

(2) Wash in water. 

(3) Decolorize and dehydrate in 95 per cent alcohol followed by absolute. 

(4) Clear in xylol and mount in xylol balsam. 

It is much simpler than Verocay’s method and is believed to yield 
equally good results. Single collagen fibrils are brought out sharply, a 
deep blue color, but not so well as by the silver method. If a, counter- 
stain is desired, place sections first in a o. 1 per cent aqueous solution of 
acid fuchsin for five to ten minutes and then drain and transfer directly 
to the hematoyxlin solution. 

c. Silver Impregnation Methods for Collagen (Reticulum). Bielschow- 

^Verocay. Cen^ra/i?l. /. «//g. p. 942, 1906. 


CONNECTIVE TISSUES 

sky^ originally devised his silver impregnation methods for the study of 
neuro-fibrils, but Maresch*^ applied these methods to connective tissue 
for the study of the finer fibrils of collagen, the so-called reticulum. Re- 
ticulum fibers are brought out by these methods more clearly and beau- 
tifully than by any other and study of such preparations is a revelation 
as to the complexity and number of these fibers. Bielschowsky's method 
depends on the reduction by formalin of the easily reducible soluble sil- 
ver salt formed by dissolving with ammonia the precipitate caused by 
adding a solution of sodium hydroxide to a solution of silver nitrate. 
Numerous modifications of his methds have been devised but the basic 
principles remain the same. 

Certain precautions must be taken in carrying out these methods, for, 
as is well known, silver is easily affected by organic matter. Some of the 
main points to be observed are given below: 

(1) All glassware must be chemically clean. This is best accomplished 
by treating it with sulphuric-acid-potassium-bichromate cleaning solu- 
tion, followed by thorough washing with tap water, then distilled water. 

(2) The distilled water must be free from organic matter. This can 
be tested by adding a few drops of a silver nitrate solution and watching 
for a color change or precipitate. Da Fano recommends using water re- 
distilled on potassium permanganate. 

(3) All chemicals must be of the highest chemical purity. 

(4) In handling frozen or celloidin sections, glass instruments, never 
metal, should be used. 

(5) Certain filter papers contain sufficient organic matter to affect 
the silver solutions and such should be avoided. 

(6) Filter all solutions. 

(7) In our experience equally good results can be obtained by using 
either yellow or brown chloride of gold. 

Of the numerous modifications of Bielschowsky’s methods, we are 
giving but five below. These five would seem to be sufficient for ordi- 
nary laboratory work. If further methods are desired, the reader should 
consult more special works. For laboratories where Zenker fixed tissue 
and paraffin sections are the rule, we can recommend highly Foot’s modi- 
fication given later (p. 410) . 

(t) Bielschowsky-Maresch Method. Fixation in 10 per cent formalin 
is the best*. Maresch states that alcohol fixed tissue may also be used but 
sections from such tissue should be put in 10 per cent formalin for sev- 
eral hours followed by washing in distilled water before being stained. 
Material fixed in sublimate, osmic acid or chrome salts is not satisfac- 

^ Bielschowsky, M, /. f. Physiol, u. Neurol., 3; 169, 1904. 

® Maresch, R. CentralbL f. allg. Pathol, u. path. Anat., 16: 641, 1905. 
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tory, as impregnation is uneven and the silver precipitates out in fine 
discrete granules. 

Frozen sections give the best results but celloidin sections can be 
used and it is not necessary to remove the celloidin. Paraffin sections may 
also be used. 

Bieischowsky’s ammoniacal silver bath used in step (5) is made as 
follows: 

To 10 c.c. of a 10 per cent solution of silver nitrate add first 5 drops 
of a 40 per cent aqueous solution of sodium hydroxide, then strong 
ammonia drop by drop, stirring constantly with a glass rod, until the 
precipitate is just dissolved; an excess of ammonia is to be avoided and 
this is best done by stopping the addition of the ammonia while there 
is a granule or two of the precipitate still undissolved. Dilute to 25 c.c. 
with distilled water and filter. This solution must be made fresh each 
time before use. 

The reduction in step (7) is carried out in a neutral solution of for- 
malin, as the free acid which often occurs in commercial formol inter- 
feres with the reducing process. 

The gold chloride bath is made up of 10 c.c. of distilled water to 
which is added 2 drops of a 1 per cent solution of gold chloride and 2 to 
3 drops of acetic acid. 

The complete procedure follows: 

(1) Wash formalin fixed tissue several hours in running water before freezing. 

(2) Cut frozen sections, receiving the sections in distilled water. 

(3) Place sections for twenty-four hours in a 2 per cent solution of silver 
nitrate in the dark. 

(4) Rinse quickly in distilled water. 

(5) Transfer sections to ammoniacal silver bath for two to thirty minutes 
depending on their thickness. Here they become yellowish brown. 

(6) Rinse quickly with distilled water, 

(7) Reduce in a 20 per cent solution of formalin in tap water for a few min- 
utes up to half an hour, until no more white clouds appear. The preceding 
rinse in distilled water in step (6) acts as a kind of differentiation for this 
reducing process. If the rinsing in step (6) is too short, the sections will be too 
dark; if too long, the sections will not be dark enough; as a general rule, the 
time should be short. 

(8) Wash in distilled water. 

(9) Tone in the acid gold bath until the background becomes red-violet; with 
sections lOiCt thick, ten minutes usually suffices. 

(10) Wash in distilled water. 

(11) Place for fifteen to thirty seconds in a 5 per cent solution of sodium 
hyposulphite. 
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(12) Wash thoroughly in tap water. 

(13) Dehydrate, clear and mount as usual. 

By this method, the connective tissue fibers, even the finest, are a deep 
black on a clear background; thick collagen bundles are more chocolate 
brown or violet. Nuclei as a rule are not stained to any degree and ani- 
line dyes can be used for staining these. 

(2) Perdrau’s'^ Modification of Bielschowsky’s Method (as given by 
Bailey and Hiller) 

Material should be fixed in 10 per cent neutral formalin. 

The following special reagents will be needed: 

(1) Pal’s decolorizer—equal parts of a i per cent aqueous solution of oxalic 
acid and a 1 per cent aqueous solution of acid potassium sulphite. 

(2) Bielschowsky’s ammoniacal silver bath, made as follows: To 5 c.c. of a 20 
per cent solution of silver nitrate add first, 2 drops of a 40 per cent solution of 
sodium hydroxide and then strong ammonia drop by drop until the precipitate 
is just dissolved; dilute to 50 c.c. with distilled water and filter. This reagent 
must be prepared each time before use. 

The procedure is as follows: 

(1) Wash blocks of formalin fixed tissue twelve to twenty-four hours in run- 
ning tap water, then twenty-four hours in distilled water, changing the water 
several times. 

(2) Cut frozen sections 1 5^1 to 25/i in thickness. 

(3) Wash in distilled water twenty-four hours. 

(4) Treat sections ten minutes with a 0.25 per cent solution of potassium 
permanganate. 

(5) Wash in distilled water. 

(6) Place in Pal’s decolorizer until white. 

(7) Wash thoroughly overnight in several changes of distilled water. 

(8) Place in a 2 per cent solution of silver nitrate in the dark for twenty-four 
hours. 

(9) Wash in distilled water not more than five minutes. 

(10) Treat sections forty to sixty minutes with Bielschowsky’s ammoniacal 
silver solution. 

(1 1) Wash quickly in distilled water. 

(12) Reduce thirty minutes in a 20 per cent solution of formalin (not neu- 
tral) made with tap water. 

(13) Wash in distilled water. 

(14) Tone in a 1:500 solution of gold chloride until sections are an even 
violet color. 

(15) Wash in distilled water. 

^Perdrau, J. R. J. Path, ix BacterioL, 24: 117, 1921. 

® Bailey, P., and Hiller, G. J, Netvxlf Merit, Bw., 59: 337, 1924. 
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(16) Fix in a 5 per cent solution of sodium hyposulphite. 

(17) Wash thoroughly in distilled water. 

(18) Dehydrate, clear, and mount as usuaL 

By this method, the broader bands of collagen are stained reddish 
and the finer strands, so-called reticulum, black. This method may also 
be used on paraffin sections if the slides are not agitated in the solu- 
tions, othei'wise the sections will come off the slide. 

(3) Foot’s Modification of Bielschowsky's Method. This method was 
devised especially for Zenker fixed tissue. Formalin fixed tissue may also 
be used and in our hands has proved quite satisfactory. This method is 
intended for paraffin sections; we have had no experience with its use on 
frozen or celloidin sections. 

The ammoniacal silver bath used is prepared as follows: To 20 c.c. 
of a 10 per cent solution of silver nitrate add 20 drops of a 40 per cent 
solution of sodium hydroxide. The resulting brownish precipitate is 
dissolved in strong ammonia, which is added slowly, shaking continu- 
ally; about 2 c.c. will be needed so it is well to add the ammonia drop 
by drop as this point is neared until the precipitate is almost dissolved. 
It is better to filter out a few undissolved grains than to run the risk of 
adding too much ammonia. The resulting solution is made up to 80 c.c. 
with distilled water and filtered before use. This solution must be made 
fresh each day as it does not keep. 

The solution of formalin used for reduction should be neutral and 
it is well to change it after the first ten or fifteen minutes. 

(1) Remove paraffin from the sections in the usual manner. 

(2) Weak alcoholic iodine solution for five minutes. 

(3) Weak aqueous solution of sodium hyposulphite until sections are white. 

(4) Wash in tap water. 

(5) Treat sections with a 0.25 per cent solution of potassium permanganate 
for five minutes. 

(6) Rinse in tap water. 

(7) Place sections in a 5 per cent solution of oxalic acid for fifteen to thirty 
minutes. 

(8) Wash thoroughly in tap water. 

(9) Rinse in distilled water. Use distilled water for washing until after sec- 
tions have been treated with formalin. 

(10) Leave sections for forty-eight hours in a 2 per cent solution of silver 
nitrate (in subdued light, but not in the dark). 

(11) Wash a short time in distilled water. 

(12) Ammoniacal silver solution for thirty minutes. 

(13) Wash quickly in distilled water. 

(14) Reduce in a 5 per cent neutral formalin solution for thirty minutes. 

(15) Rinse at tap. 
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(16) Tone in a 1 per cent solution of gold chloride for one hour. 

(17) Rinse at tap. 

(18) Remove excess silver by treating sections with a 5 per cent solution of 
sodium hyposulphite for two minutes. 

(19) Wash thoroughly several hours in running tap water. 

(20) Stain in Harris’ hematoxylin ten minutes, or Weigert’s iron hematoxylin 
one minute. 

(21) Soak in tap water until blue. 

(22) Counterstain in Van Gieson’s picro-acid fuchsin solution for thirty 
seconds. 

(23) Dehydrate, clear and mount as usual. 

Coarser collagen stains red to rose, finer collagen, so-called reticulum, 
black to dark violet; nuclei black, blue or brownish; cytoplasm, grayish 
yellow; muscle fibers and elastic fibers, more brightly yellow. The finest 
reticulum fibers are brought out by this method, for if the silver does 
not penetrate them, the acid fuchsin will, so they are sometimes beaded 
black on vermilion. 

Instead of staining with hematoxylin and Van Gieson’s solution, 
Mallory’s acid fuchsin-aniline blue collagen method can be used, espe- 
cially for the study of fibroglia and myoglia fibrils and for the relation 
of these to collagen. Sometimes, especially for photographic purposes, it 
is of advantage to omit the counterstaining with Van Gieson’s solution. 

(4) Foot’s® Modification of the Hortega Silver Carbonate Method. 
This method has the advantage over the preceding one because of its 
saving in time. It can be carried out in less than an hour while the 
other method requires three days. The results are as satisfactory, if not 
more so. 

The method was devised especially for paraffin sections of Zenker- 
fixed material. 

The silver-ammonium carbonate which must be prepared fresh for 
each batch of slides is made as follows: 

To 10 c.c. of a 10 per cent aqueous solution of silver nitrate, add 10 c.c. of a 
saturated aqueous solution of lithium carbonate. The resulting heavy white 
precipitate is allowed to settle and the supernatant fluid is poured off. The 
precipitate is then washed several times with 25 to 50 c.c. of distilled water, the 
precipitate being allowed to settle each time and the supernatant fluid poured 
off. After 25 c.c. of fresh distilled water is added, this washed precipitate is almost 
dissolved in strong ammonia water, which is added drop by drop while the con- 
tainer is shaken vigorously. About 8 to 15 drops of the ammonia will be needed 
and great care must be taken not to overstep the end-point of solution. It is 
better to leave a few grains undissolved than to add too much ammonia. The 

* Foot, N. C. 7. Lad. ^ C/in. Med., 9: 777, 1923-1924. 

Foot, N. G, and Menard, B. S, Arch. Path. & Lab. MecL, 4: 211, 1927. 
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entire solution is then made up to loo c.c. with distilled water and heated to 
50 °c. The slides are immersed in this solution and placed in an incubator at 
37.5^0., from ten to fifteen minutes, until they turn a yellowish gray. The tem- 
perature of the bath will remain between 40° and 5o‘'c., under these circum- 
stances. 

The procedure is as follows: 

(1) Remove paraffin from sections in the usual manner. 

(2) Weak alcoholic iodine solution for five minutes. 

(3) Bleach with 5 per cent aqueous sodium hyposulphite. 

(4) Wash in tap water. 

(5) Treat with 0.25 per cent aqueous potassium permanganate solution for 
five minutes. 

(6) Rinse with tap water. 

(7) Leave sections in 5 per cent aqueous oxalic acid solution for ten minutes. 

(8) Wash well at tap followed with a wash in distilled water. 

(9) Treat sections for ten to fifteen minutes with silver-ammonium carbonate 
at about 45°c. 

(10) Rinse quickly in distilled water. 

(11) Reduce in 20 per cent neutral formalin for two minutes. 

(12) Wash well with tap water. 

(13) Tone in 1:500 aqueous gold chloride solution for two minutes. 

(14) Wash in tap water. 

(15) Fix in 5 per cent aqueous sodium hyposulphite for two minutes. 

(16) Wash well in tap water 

(17) Counterstain, dehydrate and mount as in preceding method. 

The staining of the collagen and other elements is the same as in the preced- 
ing method. 

(5) Wilder’s Silver Stain for Reticulum Fibers.'^ Fixation: Fix tis- 
sues in 10 per cent formalin, acetic-Zenker or formol-Zenker. 

Imbedding Tissues, Cutting and Mounting Sections: Imbed in par- 
affin or celloidin, or cut frozen sections. Paraffin sections are mounted 
according to the routine method with Mayer’s glycerin-albumin and are 
run through xylol, graded alcohols and distilled water before staining. 
Celloidin sections may vary in thickness from 4 to 30 microns. The 
thick sections give a better idea of the density of the fibers in some 
tumors. They are stained in dishes before mounting. Frozen sections 
may be stained in dishes before mounting, or mounted on slides and at- 
tached with thin celloidin before staining. 

Pretreatment: Place the sections in 0.25 per cent potassium per- 
manganate or in 10 per cent phosphomolybdic acid for one minute. Rinse 
in distilled water and place in hydrobromic acid (Merck’s concen- 

Wilder, H. C. Am. J. Path.^ ii: 817, 1935. 
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trated, 34 per cent, 1 part; distilled water, 3 parts) for i minute. Hydro- 
bromic acid may be omitted following the use of phosphomolybdic acid. 

Sensitization: Wash in tap water, then in distilled water and dip in 
1 per cent uranium nitrate (sodium free) for five seconds or less. 

Impregnation: Wash in distilled water ten to twenty seconds and 
place in silver diamino hydroxid (Foot^) for one minute. 

To 5 c.c. of 10.2 per cent silver nitrate add ammonium hydroxide 
drop by drop until the precipitate which forms is dissolved. Add 5 c.c. of 
3.1 per cent sodium hydroxide and just dissolve the resulting precipitate 
with a few drops of ammonium hydroxide. Make the solution up to 50 
c.c. with distilled water. 

Reduction: Dip quickly in 95 per cent alcohol and reduce for one 
minute in the following solution: 

Distilled water, 50 c.c.; 40 per cent neutral formalin (neutralized with mag- 
nesium carbonate), 0.5 c.c.; 1 per cent uranium nitrate, 1.5 c.c. 

Toning: Wash in distilled water and place in 1:500 gold chloride 
(Merck’s reagent) for one minute. Rinse in distilled water. Place in 5 
per cent sodium thiosulphate (hyposulphite) for one to two minutes. 

Counterstaining and Mounting: Wash in tap water; counterstain, if 
desired, with alum hematoxylin and Van Gieson, or alum hematoxylin 
and eosin; dehydrate in alcohol. Clear in xylol and mount in balsam. 
The use of ammonia must be avoided in blueing sections after hema- 
toxylin as it dissolves the silver. 

The use of distilled water and clean glassware for all solutions is 
essential. All the solutions may be used repeatedly and kept in Coplin 
jars for several days. The solutions keep without disintegrating in amber 
glass-stoppered bottles for an indefinite time. 

III. Elastic Fibrils 

Three excellent methods are available for staining elastic fibrils. 
Weigert’s is the simplest and most generally useful once the staining 
solution has been made up. Verhoeff’s has the great advantage of stain- 
ing well after Zenker fixation. Unna’s is the oldest but has been largely 
superseded by the other two. 

I. WeigertV Method for Elastic Fibrils. 

(1) Stain paraffin sections twenty minutes to one hour in a fuchsin-resorcin 
solution prepared as follows: 

"^Foot, N. C. Am. J. Path., 5: 223-238, 1929. 

nVeigert, G. Centralhl. f. allg. Path., g: 287, 1898. 
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Fuchsin (basic) 2 gm. 

Resorcin 4 

Water 200 c.c. 


Boil the solution in a porcelain dish; when it is briskly boiling add 25 c.c. of 
liquor ferri chloridi (a 29 per cent solution); stir and boil for two to five minutes. 
A precipitate forms. Cool and filter. The filtrate is thrown away. The precipitate 
remains on the filter-paper until all the water has drained away or until the 
precipitate has thoroughly dried. Then return filter and precipitate to the 
porcelain dish, which should be dry, but which should contain whatever part 
of the precipitate remained sticking to it. Add 200 c.c. of 95 per cent alcohol, 
and boil. Stir constantly, and fish out the filter-paper as the precipitate is dis- 
solved off. Cool; filter; add alcohol to make up to 200 c.c. Add 4 c.c. of hydro- 
chloric acid. 

(2) Wash in several changes of 95 per cent alcohol followed by absolute. 

(3) Clear in xylol and mount in xylol balsam. 

For celloidin sections clear from 95 per cent alcohol by the blotting paper 
xylol method. 

2. Hart Modification of Weigert’s Elastic Tissue Stain. 

(1) Stain sections in lithium carmine thirty minutes. 

(2) Then directly into 


Acid alcohol 100 c.c. 

Weigert’s stain 5 c.c. 


Stain overnight, twelve hours at least. 

(3) Wash in 85 per cent alcohol, then dehydrate, clear and mount as in 
Weigert’s method. 

3. Verhoeff’s^^ Elastic Tissue Method. Fixation in formalin or 
Zenker’s fluid is preferred. Tissues or sections should not be treated 
with iodine solution before staining. Mercurial precipitates, if removable, 
are removed by the staining solution. For the best results the solution 
should be used within twenty-four hours, but satisfactory specimens may 
be obtained with solutions one month old. 


The staining fluid is made as follows: 

Hematoxylin crystals. . 1 gm. 

Absolute alcohol 20 c.c. 

Dissolve in test tube by aid of heat, filter, and add in order given: 
Aqueous solution (10 per cent) of ferric chloride 8 c.c. 


LugoFs solution (iodine, 2; potassium iodide, 4; water, 100). 8 c.c. 

(1) Immerse paraffin sections in the staining fluid for fifteen minutes or 
longer until perfectly black. 

(2) Wash in water, 

(3) Differentiate in a 2 per cent aqueous solution of ferric chloride. This proc- 
^^Hart. Centralbl, /, allg. Path., vol. 19: 1901. 

^Werhoeff, F. H. /. m. Med. .455., 50: 876, 1908. 
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ess requires only a few seconds. To observe the stages in the differentiation, the 
sections may be examined in water under a low magnification. If the differentia- 
tion has been carried too far, the sections may be restrained, provided that they 
have not been treated with alcohol. 

(4) Wash in water. 

(5) Place in 95 per cent alcohol to remove iodine. 

(6) Transfer to water for five minutes or longer. 

(7) Counterstain, if desired, in a 0.5 per cent aqueous solution of eosin. 

(8) Dehydrate in 95 per cent alcohol followed by absolute. 

(9) Xylol, xylol balsam. 

By this method elastic tissue is stained black, while connective tissue, 
fibroglia, myoglia and neuroglia fibrils, myelin and fibrin take the eosin 
Stain. Nuclear staining may be obviated by doubling the amount of 
Lugohs solution in the staining fluid. Degenerated elastic tissue (elacin) 
is also stained by this method. The degenerated fibrils may be distin- 
guished from the normal by staining less intensely and presenting less 
distinct outlines. 

Equally good results, especially after Zenker’s fixation, may be ob- 
tained by staining the tissues en masse. Myelin, however, is also stained. 
Thin slices of tissue after fixation are removed from 80 per cent alcohol 
and immersed in the staining fluid four days. They are then quickly 
rinsed in water to remove excess of stain, placed in 80 per cent alcohol 
and imbedded in the usual manner. The sections are differentiated in a 
0.5 per cent solution of ferric chloride. 

4. Unna’s^^ Orcein Method for Elastic Fibers. Unna’s method 
of using orcein is as follows, and can be highly recommended: 

(1) Stain sections in the following solution: 


Orcein 1 gm. 

Hydrochloric acid 1 c.c. 

Absolute alcohol, 100 c.c. 


Place the sections in a dish and pour over them enough of the solution to 
cover them. Warm gently in an incubator or over a small flame for ten to fifteen 
minutes until the solution thickens, or leave in the solution at room temperature 
overnight. 

(2) Wash off thoroughly in dilute alcohol (70 per cent). 

(3) Wash in water to get rid of all the acid and to fix the color. 

(4) Alcohol. 

(5) Oil. 

(6) Xylol balsam. 

The washing in water is not absolutely essential. 

Vnivd, V. G. Monatschr. f, prakt. Dermal., 19: 1, 1894. 
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Elastic fibers are stained a deep silky-brown color, connective tissue, a 
pale brown. If it is desirable to have only the elastic fibers stained, wash 
for a few seconds in a 1 per cent hydrochloric acid alcohol before washing 
in water. The nuclei can be brought out by staining in Unna’s poly- 
chrome methylene blue solution after washing the sections in water. 

IV. Mucin 

Mucin, the homogeneous intercellular substance secreted by the fibro- 
blast under certain conditions, has certain chemical properties in conse- 
quence of which it can be stained differentially. It is colored as a rule 
more or less intensely blue by alum hematoxylin after any fixative and by 
methylene blue in the eosin or phloxin methylene blue staining method 
after fixation in Zenker’s fluid. The best of the differential stains are the 
following: 

1. Hoyer’s^''^ Thionin Method. Fix tissues in a concentrated aque- 
ous solution of corrosive sublimate for two to eight hours. Wash and 
dehydrate in frequent changes of 95 per cent alcohol. Do not remove the 
mercury precipitate with iodine. Imbed in paraffin in the usual way. 

(1) Place sections in a 5 per cent aqueous solution of corrosive sublimate for 
three to five minutes. 

(2) Wash off in alcohol or water. 

(3) Stain in a dilute solution of thionin (two drops of a saturated aqueous 
solution, made by the aid of heat, to each 5 c.c. of water) for five to fifteen 
minutes. 

(4) Wash in 95 per cent alcohol followed by absolute. 

(5) Clear in xylol and mount in xylol balsam. 

The nuclei are stained blue, mucin, mast cell granules, cartilage and amyloid, 
red. The mucin appears of a bright red if the sections after step (3) are ex- 
amined after mounting in water or glycerin. According to Herxheimer toluidin 
blue can be used in place of thionin and gives more permanent preparations. 

2. Mayer’s^^ Mucihematein Method. Fix tissues in absolute alco- 
hol, imbed in paraffin. 

(1) Stain sections in one of the following solutions for five to ten minutes: 


(a) Hematein 0.2 gm. 

Aluminum chloride 0.1 gm. 

Glycerin . . 40.0 c.c. 

Water 60.0 c.c. 


’^Hoyer, H. Arch. f. rnikroskop. Aiiat., vol. 36. 
Mayer, P. Arch, f. rnikroskop. Anat,, yo\. 36. 
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Dissolve the liematein in the gylcerin and add the other ingredients: 


(b) Hematein 0.2 gm. 

Aluminum chloride 0.1 gm. 

70 per cent alcohol 70.0 c.c. 

Nitric acid i to 2 drops. 


The first solution stains quicker and better but the alcoholic solution is 
preferable if the mucin swells much. 

(2) Wash in water. 

(3) Dehydrate in 95 per cent alcohol followed by absolute. 

(4) Clear in xylol and mount in xylol balsam. 

Mucin appears blue, the other tissue elements, colorless. The sections can be 
stained with carmine before using the hematein solution if desired. 

3. Mayer’s^^ Mucicarmine Method. 

Fixation in absolute alcohol. Paraffin sections. 

(1) Stain five to ten minutes in the following solution diluted for use 1 to 10 


with water: 

Carmine . i gm. 

Aluminum chloride (dry) 0.5 gm. 

Water 2.0 c.c. 


Heat over a flame for two minutes until the solution appears dark colored. 
Gradually add 100 c.c. of 50 per cent alcohol, stirring constantly until the mix- 
ture is dissolved. Filter after twenty-four hours. The solution keeps well. 

(2) Wash in water, dehydrate in alcohol, clear and mount in xylol balsam. 

The mucin is colored red. A preliminary staining with alum hema- 
toxylin is advisable. If the nuclei are stained red it indicates that the 
staining solution is acid and must be neutralized by the addition of a 
few drops of a 1 per cent solution of bicarbonate of sodium. 

V. Amyloid 

Amyloid is an abnormal intercellular product of the fibroblast, chemi- 
cally related to the ground substance of cartilage. It occurs not only in 
the liver, spleen and other organs as the result of certain chi^onic infec- 
tious and other processes but occasionally in localized masses and rarely 
in the stroma of tumors. It has definite chemical and physical properties 
on which certain characteristic staining methods are based. 

The original stain for amyloid was iodine which colors it mahogany 
brown both in gross and in frozen sections. Nowadays more use is made 
of certain aniline dyes which stain amyloid metachromatically. The 
great difficulty in the past has been to obtain permanent mounts of sec- 
tions in which the amyloid was stained characteristically. This has now 

M'^yer, 1 ^. MitL ZooL Stat. Neapelf vol. 12: 1896 . 
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been rendered possible by Mayers ingenious and seemingly impossible 
method. Sections stained several years ago by his method are as bright 
and sharp today as when originally prepared. 

In examining microscopically metachromatic stains for amyloid it is 
important always to take the light from a white cloud in order to obtain 
a sharp differentiation in color. The light from the blue sky is worthless. 

1. Iodine Reaction for Amyloid. 

(1) Stain sections in a weak solution of iodine (Lugol's solution diluted until 
of a clear yellow color) for three minutes. 

(2) Wash in water. 

(3) Mount and examine in water or gylcerin. 

If the tissue reacts strongly alkaline, a condition which may result 
from post mortem decomposition, the color reaction with iodine will not 
take place. In such cases the tissue or the sections of it should be treated 
with dilute acetic acid before applying the test. The normal reaction of 
amyloid with iodine may be increased by treating the section after stain- 
ing with dilute acetic acid. 

2. Iodine and Sulphuric Acid Reaction. 

(1) Stain quickly and lightly in dilute Lugol's solution. 

(2) Treat with sulphuric acid, either concentrated or dilute (1 to 5 per cent), 
on the slip or in the staining dish. Strong hydrochloric acid may be used in the 
same way. 

The color of the amyloid will usually change at once or in a few 
minutes from red, through violet, to blue. Sometimes the color turns 
simply to a deeper brown. 

3. Langhans’^^ Method for Obtaining Permanent Mounts with 
Iodine. 

(1) Harden in alcohol and stain in Mayer’s alcoholic carmine solution. 

(2) Stain sections in Lugol’s solution five to ten minutes. 

{3) Dehydrate quickly in 1 part of tincture of iodine to 3 or 4 parts of abso- 
lute alcohol. 

(4) Clear and mount in oil of origanum. 

The color is said to keep remarkably well. Other oils or balsam cause 
it to fade quickly. The staining in Lugol’s solution may be omitted, as 
the tincture of iodine usually stains the amyloid sufficiently deeply. 

4. Reaction with Methyl-violet. 

(1) Stain frozen sections of fresh or of formaldehdye or alcohol fixed tissue 
in a 1 per cent aqueous solution of methyl-violet three to five minutes. 

(2) Wash in a 1 per cent aqueous solution of acetic acid. 

Langhans. /. Pflf/?. vol, 121: 1891. 
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(3) Wash thoroughly in water to remove all trace o£ acid. 

(4) Examine in water or in glycerin. 

The stain will keep for some time if mounted in a saturated solution 
of acetate of potash or in levulose. Other methods are to stain in aniline- 
methyl-violet and to wash out in a 1 per cent solution of hydrochloric 
acid, or to stain in a strong solution of methyl-violet to which acetic acid 
is added, and to wash out in water. The amyloid is stained violet red, the 
tissue blue. Sections of tissues imbedded in celloidin will not give the 
reaction unless the celloidin is removed. 

5. Reaction with Iodine Green. 

(1) Stain fresh or hardened sections in a 0.3 per cent aqueous solution of 
iodine-green for twenty-four hours. 

(2) Wash in water. 

(3) Mount in water or gylcerin. 

Amyloid, violet red; tissue, green. Stilling claims that the reaction is 
surer than with methyl- violet. 

6. Reaction with Bismarck Brown and Methyl-violet (Birch- 
Hirschfeld).^'^ 

(1) Stain in a 2 per cent alcoholic solution of Bismarck brown for five 
minutes. 

(2) Wash in absolute alcohol. 

(3) Wash in distilled water ten minutes. 

(4) Stain in a 2 per cent aqueous solution of methyl-violet five to ten minutes. 

(5) Wash in dilute acetic acid solution. 

(6) Wash thoroughly in tap water. 

(7) Mount in levulose. 

Amyloid, red; tissue, brown. 

7. Mayer’s Stain for Amyloid. 

(1) Transfer paraffin sections without previous treatment directly from the 
knife to a warmed (40 °c.) 0.5 per cent aqueous solution of methyl- or gentian- 
violet for five to ten minutes. 

(2) Wash in water and differentiate in a 1 per cent solution of acetic acid for 
ten to fifteen minutes. 

(3) Wash thoroughly in water. 

(4) Transfer to half saturated aqueous solution of alum. Wash ofiE in water. 

(5) Transfer sections to slip and allow the water to evaporate. 

(6) Remove paraffin and clear with xylol. Mount in xylol balsam. 

The same method can unquestionably be used with crystal violet and 
iodine green. 

Birch-Hirschfeld. Festschr. f. El. Wagner. Leipz., 1887. 


METHODS FOR PREPARING MUSCLE AND ELECTRIC 
ORGAN TISSUES 


Ulric Dahlgren 

Demonstrating general cellular character of muscle 420. Demonstrating special 
structural character of muscle 421. Identification of muscle substance by stains 
424. Studying cell organs of contraction 425. Study of muscle in any stage of 
contraction 428. Study of cytoplasmic inclusions 431. Demonstrating cell mem- 
branes and sarcolemma and connective tissue attachments 431. Demonstrating 
other tissue elements associated with muscle cells 434. Study of electric tissues 434. 

In considering the procedure necessary to make microscopic sections 
or other mounts or examinations of muscle tissue or suspected muscle 
tissue, the following objectives should be taken account of: 

1. The general features, as cytoplasm, nucleus, cell wall, centrosomal 
structures, chromidia, Golgi apparatus, etc., all of which the muscle cell 
(or syncytium) shares with most other cells. The methods indicated for 
examining these structures or parts are the same that would be used for 
similar structures in most other cells, and the worker is referred to the 
portion on general cytology. These parts are usually overshadowed in 
our consideration by the cell organs of contraction. 

2. General views of muscle. 

3. The identification of muscle tissues and cells. 

4. The cell organs of contraction, the myofibrils. These are the most 
important structures in the muscle cell and the most weight will be 
placed on a discussion of the methods used in studying them. 

5. Technique of securing muscle in any stage of contraction or 
relaxation. 

6. The myochondria or muscle fuel substance. 

7. The cell membrane and sarcolemma and other outer envelopes of 
the muscle fiber and the connective tissue attachments and intercellular 
connectives of muscle cell. 

8. Nerve connections or nerve plates, circulatory structures and other 
foreign structures associated with the muscle cell. 

9. The electric cells of fishes (modified muscle cells) . 

1. Methods for Demonstrating General Cellular Character of Muscle 

See technique used in general cytology, Chapter V. 
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II. Methods for Demonstrating Special Structural Character of 

Muscle 

For this purpose we can use: 

(a) Teased fresh preparations or total views of small animals such as 
Entornostraca. Such examination is valuable and enables one to use sev- 
eral methods of lighting, as transmitted light, reflected light, dark-field 
illumination and polarized light. Some of these, particularly the polar- 
ized light, permit very beautiful views of muscle activity and study of 
the isotropic and anisotropic areas during contraction and relaxation. 

{h) Sections in paraffin or celloidin of large areas of muscle or body 
regions in which muscle is found, for the study of the general histology 
of the tissue and its surroundings. We have to deal here with the sub- 
ject of muscle fixation, imbedding and staining. 

In most cases muscle tissue contains large numbers of myofibrils, and 
under technical treatment this substance shows a strong tendency to 
harden and become brittle. Great care should therefore be exercised to 
employ the proper fixing fluid, as short a fixation as will serve, a rapid 
dehydration and, in the case of paraffin sections, as short a subjection to 
heat in the water bath at as low a temperature as possible. Otherwise two 
familiar artifacts, pressure ridges^ and section cracks^ will appear in em- 
barrassing profusion. 

Paraffin sections can be cut from i/x or 2/>t in thickness up to lO/x or 
12/x. Section cracks are most likely to appear in the thicker sections. Cel- 
loidin sections are better for very general views than paraffin sections. 
Since the tissue does not have to endure the heat of imbedding in par- 
affin, we are not troubled by the cracks and ridges. An artifact more apt 
to occur in celloidin is the condition of free ends.^ 

^Pressure Ridges. In this artifact the knife edge, especially when dull, and encoun- 
tering a tough substance in a softer paraffin, compresses the material, pushes it slightly 
forward and then suddenly cuts through it leaving a region of compressed and some- 
times darker staining material behind it in the section. This usually leaves a series of 
such “ridges” in the section which may be misinterpreted. 

'^Section Cracks. This irregularity appears, usually, when a sharp knife edge en- 
counters a hard and brittle substance, well imbedded, and as the section lifts from the 
block at the angle of the knife edge it cracks at regular intervals, either all the way 
through or only part way through the thickness of the section. Such cracks are very 
apparent in the finished and mounted section and their spacing is determined by the 
distance the knife can go before each crack occurs. In muscle tissue this artifact is 
much more likely to occur when the fibers are cut longitudinally from one end than 
when the knife approaches them from the side, while pressure ridges are more fre- 
quent when they are cut with the knife-edge parallel with the fiber. 

^ Free Ends. This artifact is most likely to occur in longitudinal sections of the 
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1. Fresh Material, a. Teased Tissues. For striated muscle, bits of 
vertebrate flesh or arthropod flesh may be used with some success. They 
should be teased with needles in normal salt or Ringer’s solution. In life, 
under ordinary illumination, this method is not very successful but the 
individual myofibrils can be seen and the segmentation of each fibril into 
isotropic and anisotropic substances becomes quite apparent, especially 
with a strong illumination, much cut down by the substage diaphragm. 
Smooth fibrils (i.e., those without such segmentation) give poor results 
under such examination, the difference in refractive index between fibril 
substance and cytoplasm being so small during the life of the cell that 
the fibrils are seen with difficulty. 

b. Whole Animals. A better way to see active muscle is to observe 
some small living animal, or part of an animal, in which the fibers are so 
isolated and the surrounding tissues so scarce and transparent that they 
can be seen through the whole body or member. Pelagic or fresh water 
Entomostraca, certain aquatic insect larvae for striated fibers, and very 
young small and thin leeches or other Annelids or other invertebrate 
larvae for non-striated fibers, serve this purpose best. Here again the 
striated muscle is the more easily observed because the difference of re- 
fractive index is greater between the isotropic and anisotropic substances 
of the fibril than between the fibril and its surrounding cell structures. 

When polarized light is used, the above examinations of the fibers 
as a whole becomes much more significant. In this case, as the term im- 
plies, the anisotropic and isotropic substances of striated muscle become 
as sharply differentiated as black from white because the polarized light 
will penetrate one but not the other. At such times the movements and 
relations of the two regions in the fiber can be plainly seen or even photo- 
graphed. Such movements are quick but may be slowed down by cooling. 

2. Prepared Materials, a. Macerated Tissues. Better visibility un- 
der ordinary light is shown by muscle fibers that have been fixed and dis- 
sociated and then examined as they are or stained. The fixing process 
can be made to perform the dissociation as well when fixatives that con- 
tain a connective tissue solvent are used. A young trout (3-20 cm. or 
more) , fixed in Bonin’s fluid for ten days to three weeks, will yield bits 
of flesh that can be shaken in a test-tube of water or 70 per cent alcohol 
so that large numbers of individual fibers will be available. Sublimate- 
acetic will do the same, not quite so satisfactorily but still adequately. 

musde fibers. Since the plane of section can hardly ever be made to coincide exactly 
with the myofibrils, these latter will have many cut ends in the length of the fiber 
and such ends are very apt to become free at their tips and stick up or lie at an angle 
to the course of the fibers. This is not difficult to deal with, however, as by focussing 
slightly down these free ends disappear. 
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In both cases it is the acetic acid that dissolves the connective tissue. 

Flemming's fluid and Zenker's fluid are not so satisfactory for this pur- 
pose because the chromic compounds work against the acetic acid. Weak 
osmic acid (%o ^ distilled water) alone will dissociate 

and fix muscle fibers in an exquisite manner in a few days. With 1 per 
cent of acetic acid it will dissociate quicker with almost as fine a fixa- 
tion. In the first case small masses should be used (not over a few milli- 
meters in thickness) . In the latter twice that thickness is possible. Ran- 
vier’s alcohol (33% per cent) will do this work with rather poorer 
fixation. Smooth muscle from the mammalian bladder is more resistant 
and from 10 per cent to 20 per cent nitric acid is required for dissocia- 
tion. This method is applicable for class purposes. 

b. Sectioned Material. Frozen sections of striated muscle may be 
made and observed much as the fresh teased or entire specimens were. 

Polarized light and vital stains can be utilized. The method is not so 
valuable for smooth muscle. The sections are of greatest use when made 
parallel to the course of the fibers and a little thicker than their diame- 
ter. There is no point, in most cases, of using transections of frozen 
material. 

Thicker sections in paraffin or celloidin or the combined method are | 

of great value in giving general views of the superficial structure of both 
striated and non-striated muscle and in showing the relations of the 
fibers to the connective tissues, blood vessels, nerve fibers, tracheae, etc., 
which surround them. For this purpose Zenker's fluid, Bouin's fluid, and 
many other common fixatives are well fitted. When the connective 
tissues formed by or associated with the muscle cells are to be a special 
point, strong acids are to be avoided, especially hydrochloric, nitric and 
acetic. In these cases pure corrosive sublimate solutions or Zenker and 
Bouin without the acetic may be used with success. Muller’s fluid is most 
excellent for this purpose when the nuclei and finer details of the cell 
are not to be considered. This fluid dissolves the chromatin but not the 
nuclear membrane so that nuclei appear as homogeneous spheres and it 
sometimes injures the striation. Subsequent staining with Delafield's 
hematoxylin and eosin should be employed. Iron hematoxylin is not 
advised with this fixation. 

Van Gieson's picric acid and acid fuchsin is very good, showing as it 
does the muscle substance yellow and connective tissues red, but the 
first-mentioned stain seems most suited to general work. In general too 
great reliance on a variety of stains, especially highly complicated spe- 
cial stains, should be discouraged. The continued and repeated use of 
two or three standard stains with varied timing and concentration may 
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be followed with profit by the use of some of the more special ones. The 
same may be said of fixatives. 

III. The Identification of Muscle Substance by Stains 

Striated muscle can be identified at a glance, either stained or un- 
stained, except in very unusual cases when the fixation has been so poor 
that the striation cannot be seen. On the other hand smooth muscle is 
often found in positions where its location is unfamiliar or unusual and 
when it must be distinguished from certain connective tissues. Both act 
in a tensile connective capacity, both have specific cell organs which are 
fibrils; in fact one and the same cell may in some cases form myofibrils 
in one part of its cytoplasm and connective tissue fibrils in another. 
Myofibrils are always contained in the cytoplasm, though sometimes 
very near its outer surface. Connective tissue fibrils are often on and 
outside the surface. When inside, the question often arises as to whether 
it is a contractile fibril (muscle) or a non-con tractile fibril (connective 
tissue) . Such a question still stands in regard to the fibrils in the end 
cells associated with the luminous organs of the Lampyridae and has 
never yet been answered. To see a fibril contract in life under the micro- 
scope is definite and positive proof of its muscular nature. To see it fail 
to contract is a dubious negative proof. To find it in one case shorter 
than in others is an unsatisfying proof. Staining is sometimes the most 
practical method of making a determination but it should be employed 
with a certain reserve. When the whole body of small animals or a 
heterogeneous part of the body of larger animals is sectioned and stained 
uniformly the method of comparing the questionable fibrils with known 
muscle tissue is often decisive and is a means often employed. 

Most muscle tissues are easily stained with the acid dyes, especially 
eosin. This alone, however, is not sufficient to distinguish them from 
many connective tissues; for this reason mixtures have been devised that 
will stain them differentially. Several such stains should be used with 
care in making a determination. 

1. Retterer’s Stain. Retterer has devised an excellent and simple 
stain for differentiating muscle tissue (this is for smooth muscle but it 
also works well with striated fonns) from connective tissues in general. 
He fixes in 10 volumes of 8 o per cent alcohol to which i volume of 
formic acid has been added and then stains in alum carmine. The muscle 
should show a light red stain while all connective tissues remain 
unstained. 

2. Van Gieson^s Stain. Van Gieson has formulated a stain for sec- 
tions, composed of picric acid and acid fuchsin, in which muscle stains 
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yellow and connective tissue red. Others have varied his formula with 
success which shows that in some cases there must be a greater propor- 
tion of the acid fuchsin or the connective tissue will also be yellow, 
while in other cases there must be a lesser proportion of the fuchsin 01 
both muscle and connective tissue will be red. 

3. Picro-nigrosine. Picro-nigrosine is a short and rapid stain for 
distinguishing muscle from connective tissue. Dissolve nigrosine in a 
saturated solution of picric acid in water. Fixation should be in alcohol 
or Bouin’s fluid. The muscle will be yellow, the connective tissue dark. 

4. Unna’s Orcein. Unna’s orcein method after sublimate fixation 
is good for this purpose with some practice. Stain for twenty-four hours 
in orcein 1 gm., wasserblau 0,25 gm., alcohol 60 c.c., glycerin 10 c.c., 
water 30 c.c.; wash in 70 per cent alcohol, dehydrate, clear and mount 
in balsam. In observing muscle with this stain one must distinguish 
muscle by comparison with known stains until the mixed purplish color 
has become familiar. Collagenous and white connective tissues are de- 
cidedly blue and elastic connective tissues decidedly red. 

The above methods are for use with sections only and for compari- 
sons of th6 whole muscle cell and its myofibril content of muscle sub- 
stance with white or elastic or other connective tissue fibrils. (See also 
P- 433-) 

IV. Methods of Studying the Cell Organs of Contraction 

I. The Myofibrils. The study of the myofibrils is the most impor- 
tant feature of muscle preparation and investigation. These structures 
are the specific cell organs of contraction. They are inside the cytoplasm, 
are formed and controlled by the cytoplasm and have a higher index of 
refraction and a greater tensile strength than the cytoplasm. They are 
always very small, which permits of adequate penetration of reagents 
and makes shrinkage almost imperceptible. 

a. Fixation. The myofibrils are easily fixed by almost any fixative, 
do not perceptibly shrink and tend to stain the same no matter what 
the fixative. In the different stages of their contractile activity they 
undergo large chemical changes which are strongly indicated by their 
staining reactions. It is desirable to study the myofibrils in both longisec- 
tion and transection and in the former case they should almost always 
be studied in sections thin enough to contain not more than one or two 
fibrils between the two planes of the section. Celloidin alone is usually 
not indicated. Paraffin and the celloidin-paraffin method of double im- 
bedding usually provide the best results. Both a basic and an acid stain 
should be applied to the specimen in most cases, because the isotropic 



426 


MICROSCOPICAL TECHNIQUE 


substance has a strong affinity for the acid stains such as eosin, while 
the anisotropic material absorbs and is stained by the basic dyes like 
hematoxylin or safranin. When the two substances are not separated so 
as to be locally distinguished, the double staining is still valuable to 
show areas of contraction. 

h. Staining. A most important factor of muscle study is to distin- 
guish between absorption or retejitiori of the dye and staining by the 
dye in the myofibril. Owing to its denser nature the myofibril will ab- 
sorb or retain in a purely physical way a much larger proportion of the 
dye than will the cytoplasm; also for the same reason, in striated muscle, 
the anisotropic substance will retain or absorb much more dye than will 
the isotropic. Again, the contracted areas of smooth muscle will absorb 
and retain more stain in this physical manner than the non-contracted. 
Therefore, in all regressive staining for careful study, the crude stain 
should be extracted until a real chemical staining remains which will 
identify the anisotropic substance or contracted area, rather than the 
absorbed or retained masses of dye that merely indicate its locality. For 
general class purposes the latter more crude condition is useful and 
shows very beautiful pictures. In using iron hematoxylin the above 
should be most carefully considered. 

When chemically stained with safranin, gentian violet and other 
basic aniline dyes, the anisotropic, areas and the contracted areas of 
smooth muscle present stronger pictures than with iron hematoxylin 
when properly extracted. In seeking to merely locate myofibrils and 
study their relations to the surrounding cytoplasm the acid dyes, such 
as eosin, acid fuchsin, etc., should be depended upon. 

c. Sectioning. Paraffin sections alone should be used to study the 
longitudinal sections of the myofibrils in the fiber, while the celloidin- 
paraffin method will serve in the study of transections of the fibers for 
observing the relations of the fibrils to the cytoplasm and to each other. 
This is because the celloidin prevents the artifact called tilting^ which 
often occurs with paraffin alone. It is much less likely to occur in very 
thin sections. 

One of the best stains for studying the myofibrils is iron hematoxylin. 
It should be applied in a variety of ways as has been noted by Heiden- 
hain and many other workers. With striated muscle the stain should 

> A fourth artifact may he known by the name of Tilting. This occurs only in 
transections of muscle fibers and is very common there. In an exact transection the 
myofibrils should point exactly up toward the observer. When tilting occurs some or 
all of them have tipped over so that an oblique or even lateral view is presented. This 
artifact takes place in paraffin sections much oftener than in celloidin or paraffin- 
celloidin sections or regular celloidin sections and in thick sections oftener than in 
thin ones. 
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first be stopped with only a sufficient decolorization to leave the m or Q 
stripes, the n stripe and the z stripe a deep black while the isotropic 
substance is clear. This is the infiltration stage and is most useful for 
general views and for most class work. 

In another slide the stain should then be extracted until the m 
stripe is gray, the n stripe has cleared (is usually more bluish) and the z 
stripe shows as a sharp black line, in relaxed muscle. If contracted the 
M stripe will be yellowish and thinner and the z stripe will be a broad 
segment in which there is added to the Krause’s membrane the sub- 
stance of adjoining m stripes which have obliterated the n stripe and 
masked the z stripe (Krause’s membrane) so that the dark bands of the 
muscle appear to have been moved from the m position to the z posi- 
tion leaving the m position clear and unstained, save for a dim line in 
some forms. In excessive contraction the z bands have been observed to 
be one-eighteenth the length of the resting units and so closely ap- 
proximated that they touched, thus making the substance an apparently 
almost solid mass. In certain post-contractile stages the staining power 
appears to be lost, leaving only one band present, the z line. We will 
omit here the various intermediate stages and appearances which belong 
more to a discussion of muscle histology than to an exposition of 
technique. 

Some of the other valuable stains for the striated myofibrils are Mal- 
lory’s phosphotungstic acid hematoxylin and Mallory’s aniline blue 
connective tissue stain after fixation in Zenker’s fluid (p. 558) . 

In smooth muscle myofibrils are also present. They respond on the 
whole to fixatives and stains much as the myofibrils of striated muscle 
do. Zenker’s and Flemming’s strong mixture are among the best fixa- 
tives. Iron hematoxylin stands first as a stain. The fibrils are not divided 
into contractile units (sarcous elements) as in striated fibers, but con- 
tract in irregularly placed regions called by McGill ‘'contraction nodes” 
in which the fibrils shorten and thicken and change in their chemical 
make up so that they are evidently denser and retain dyes both by infil- 
tration (or absorption) and by chemical union (staining). 

2. Krause’s Membrane. This membrane divides the sarcous ele- 
ments (contractile units) of striated muscle from each other. It is of a 
higher refractive index than any other cytoplasmic element in the muscle 
cell and takes the black of iron hematoxylin strongly. The niyofibrils 
pass at right angles through it and the membrane extends out into the 
free cytoplasm from side to side of the fiber where it joins with the 
sarcolemma. It may be stained at times by Bielschowsky’s silver stain. 
It is non-contractile but may be expanded and made wavy by fixation 
with boiling water. When the muscle contracts its non-extensile char- 
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acter causes the cytoplasm to bulge out between the points of attach- 
ment. By treatment with 98 per cent alcohol the muscle fiber becomes 
brittle and tends to break all the myofibrils at the intersection with 
Krause's membrane into a number of transverse discs. Weak chromic 
acid, on the contrary, may be used to rupture Krause’s membrane be- 
tween the myofibrils and thus free them into longitudinal elements. 

The N stripe during relaxation is stained bluish gray by iron hema- 
toxylin. It may also be demonstrated by the Golgi silver stain. This 
structure lies in the cytoplasm and is not a part of the myofibrils but is 
mentioned here because it is very often erroneously considered to be a 
secondary anisotropic region of the myofibrils, which it is not. During 
contraction the stainability and increased density of this region cause 
this structure to become invisible. 

V. Method for the Study of Muscle in Any Stage of Contraction 

I. Striated Muscle. To secure any definite stage of contraction in 
a muscle preparation has proved a more difficult thing than might be 
thought. Though an animal be dead the muscle tissue may still show 
reaction to stimulation. The mode of tissue death often determines the 
physiological picture presented by the stained slide. The length of the 
muscle when tissue death occurs does not always establish the physiologi- 
cal stage of contraction shown, as a myofibril in such stage may be 
stretched and still retain the picture of physiological contraction. Ordi- 
nary preparations, where the tissue from an animal killed by decapita- 
tion is thrown into the fixative, will show in nearly all cases a stage of 
weak contraction which is sometimes varied by occasional areas of 
stronger contraction. 

One of the best animals from which to secure striated muscle in all 
stages of contraction is the large larva of Corydalis cornutis which can 
be found in quantities under the larger flat stones of most of our 
medium-sized running streams. These animals are tough but soft, and 
very muscular. The skin can be very easily cut by the microtome knife 
and does not have to be removed. 

One animal should be chloroformed until entirely lax and dead. It is then 
pinned out straight on a cork sheet and its body cavity filled with Flemming’s 
or Bouin’s fluid by injection with a hypodermic syringe. After five to ten 
minutes, with a sharp pair of scissors cut along each side of the body so that 
the upper and lower body walls can be readily separated, the internal organs 
and fat-bodies removed and the two principal muscle masses further fixed and 
treated for sectioning. When cut and stained such muscle should show very 
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little contraction. Fixation with boiling water followed by Bonin's will also 
show very clear and bright pictures but the z line will be slightly swollen and 
waved. 



Fig. 1. Longitudinal section of a bit of body muscle of Coryclalis cornutus. Relaxed 
state. Fixed in Bouin’s fluid. Stained in iron hematoxylin. Fixed by body injection of fix- 
ing fluid. Prepared and photographed by C. S. Shoup. 

Pin out another live animal in the same way and hook the copper wire poles 
of 2 dry cells of volts each with an inductorium in the circuit. Draw out 
the induction coil to between 3 and 4 cm. so that a tetanic current will pass 
through the animal’s body when the current is turned on. Then insert the hypo- 
dermic needle into the body cavity and, just after the current connection is 
made, flood the body cavity with Flemming’s or Bouin’s fluid, keep the electric 
current running for about thirty seconds and then cut the animal open as before 
and complete the fixation and hardening, etc., and cut sections. 

Muscle should be found in such sections in all stages of contraction. 
Some muscles with contraction waves will be found in which the process 
can be followed from inception to finish; also fatigued muscle that has 
relaxed. In the contracted portions, sarcous elements will appear that 
have contracted to of the length of those in resting fibrils (Figs. 2 
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and 3) . This is more than a normal contraction and in consequence 
some fibers will be found ruptured. Another animal should be treated 
in the same way with a weaker current for comparison. 



Fig. 2. Longitudinal section of a bit of body muscle of Corydalis cornuius. Excessive 
contraction under 3 volt current from an inductorium. Coil extended 4 cm. Same scale 
as Figure 1. Same fixation and stain as Figure 1. Prepared and photographed by C. S. 
Shoup. 

2. Smooth Muscle. Smooth muscle may be secured in different 
stages of contraction and showing contraction waves or areas by simpler 
means, A bit of freshly killed cat’s intestine is cut out and exposed 
to the cooler air of the room or rubbed with the handle of a 
scalpel. Sections will show many contraction areas. Or the animal may 
be chloroformed to death and, just as rigor mortis is setting in, bits of 
bladder or intestine quickly fixed will show fully extended smooth 
fibers. 

The foot and valve muscles of marine Pelecypod mollusks mzy he 
completely relaxed by an excess of calcium salts in the sea water. This 
same muscle, freshly cut out, will be contracted. Other methods remain 
to be devised for these and other animals, especially some of the inverte- 
brate forms. 
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VI. Methods for the Study of Cytoplasmic Inclusions 

The cytoplasm of muscle cells contains in normal tissues a large but 
varying amount of material which has been stored there by its metabolic 
activity against the needs of its contractile activities. This material is 
usually in a fluid condition but in some muscles it may appear as a 
solid. When visible, it ranges in appearance from a reticulated precipi- 
tate to small granules and up to large granules with a definite form and 
location. The best place to see them is in the thoracic wing muscles of 
the solitary hornet Sphecius, and probably in other allied forms. In 
Hydrophilus these bodies, which may be termed myochondria, are large 
and visible but not arranged regularly. We have no differential stain as 
yet to identify this material but when in granules it can be adequately 
located by fixing the muscle in sublimate acetic or chromacetic-formalin, 
cutting thin sections and staining with iron hematoxylin. The sections 
should be not more than 5/x, thick and the iron hematoxylin should be 
withdi'awn until the m stripe is decolorized and only a faint image of 
the z line can be seen in the large myofibrils. At this point the myo- 
chondria will remain a deep black with absorbed hematoxylin and the 
decolorizer should be quickly washed out. A counterstain such as eosin, 
may or may not be valuable. 

The regular arrangement of the myochondria in Sphecius is so 
marked, two between each adjoining pair of sarcous elements, that most 
observers are easily deceived into believing that they are looking at the 
black M stripes when they are only looking at the transverse rows of 
myochondria in the cytoplasm between the myofibrils. The best way to 
see the difference easily is to observe the thinned edge of a wedge-shaped 
section which often occurs when the paraffin block is a little too large 
and hard. Here the loose end artifact displaces some of the fibrils in 
longitudinal sections. Also in thin transections the arrangement becomes 
plainer. 

In the heart muscle of Homarus certain spike-shaped or tack-shaped 
bodies in the cytoplasm are rendered visible by several stains, the best of 
which is Delafield’s hematoxylin. 

In most muscle fibers the cement substance that binds the myofibrils 
into groups has not been differentially stained except as to degree. 

VII. Methods for Demonstrating Cell Membranes and Sarcolemma 
and Connective Tissue Attachments 

A sarcolemma or thin outer covering of connective tissue has been 
demonstrated in all larger muscle cells. This ranges from a covering of 
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thin connective tissue vsecreted from regular connective tissue cells that 
are in the neighborhood, through membranes partial or complete, se- 
creted by the muscle cell’s own cytoplasm, to muscle cells in masses 



Fig. 3. Longitudinal section of a bit of body muscle of Corydalis cormitus. Just relaxed 
after contraction under electric stimulation. Same fixation and stain as Figure 1. Same 
scale as Figure 1. Prepared and photographed by C. S. Shoup. 

where this outer cytoplasmic activity is confined to the formation of 
strands of connective substance which serve to bind spindle-shaped cells 
together and to take part of the contraction strain that may come on 
them. The teehnique of demonstrating these outer coverings is varied 
and has developed from numerous scientific disputes as to whether a 
sarcolemma was present or not, and if so whether it was secreted from 
the muscle cell or from surrounding connective tissue cells. The follow- 
ing techniques have been devised to meet these cases, in which the 
writer does not enter into the merits of the disputes as to the origin of 
the structures involved: 

I. Striated Muscle. To demonstrate the sarcolemma of striated 
muscle in vertebrates Ranvier throws a live frog into boiling water. 
Muscle fibers in the thighs are ruptured and the ends are retracted 
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leaving the sarcolemma intact and passing between the ruptured ends 
where it is visible in the unstained specimens teased out in salt solution. 
Solger demonstrates the same structure by teasing fresh striated muscle 
in a saturated solution of ammonium carbonate under the microscope. 
Thin transections of muscle stained in iron hematoxylin and eosin, 
after Zenker and Flemming’s fixation, show the thin line of the sarco- 
lemma taking the eosin, if sufficiently decolorized after the hematoxylin, 
but retaining a gray to black color if still infiltrated with the hema- 
toxylin. 

2. Smooth Muscle. In smooth muscle and all muscle masses con- 
taining spindle-shaped cells, the connective tissue fibrils that unite the 
cells of the mass are secreted by the ectoplasm of the muscle cell itself. 
These fibrils are flat and form a reticulum in the smooth muscle of 
mammals. They may best be seen in sections of the bladder wall hard- 
ened for seven to ten days in Flemming’s strong mixture and stained 
in iron hematoxylin, a long stain (twelve to sixteen hours) with a 
decolorization just sufficient to leave the muscle cells clear yellow, when 
the connective tissue fibrils will appear from dark gray to black. Biel- 
schowsky’s silver stain will, in the majority of cases, show the muscle 
cells light yellow (unstained) and the connective tissue fibrils light 
to dark brown. Van Gieson’s picric acid fuchsin stains the connective 
fibrils light pink, and is unsuitable owing to their delicate nature. An 
especially good demonstration of such connective tissue fibrils is to be 
seen in transection of the aorta or other large arteries leaving the heart 
of cephalopod mollusks. Here the blunt ends of the striated circular 
muscle cells show these connective tissue fibrils radiating to points of 
attachment on the sides of the adjoining muscle fibers and only an iron 
hematoxylin stain is necessary to demonstrate them. 

Where muscle fibers are attached to bone, cartilage, shell etc., it is 
sometimes difficult to decide where the myofibril of the muscle fibers 
ends and an intervening connective fibril begins. Usually an epithelial 
cell (mollusk, insect etc.) or a connective tissue cell (vertebrate) inter- 
venes and the myofibrils appear to be continuous with connective tissue 
fibrils belonging to these two kinds of cells. A chemical differentiation 
may best be shown in these cases by Mallory’s aniline blue stain (p. 405) . 

In addition to these white connective tissue fibrils and reticular 
structures a network of very fine elastic fibrils is found in some muscle 
masses, running around and between the muscle cells. To see these, use 
some good elastic tissue stain such as Unna’s methylene blue and acid 
fuchsin after fixation with Flemming’s strong mixture. Stain sections five 
to seven minutes in polychrome methylene blue, wash in water and then 
stain them for ten to fifteen minutes in an 0.5 per cent solution of acid 
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fuchsin plus 33 per cent of Griibler’s tannin mixture. Elastic fibrils 
should be the only blue fibrils in this preparation. 

The heart muscle of vertebrates shows at regular intervals in the 
fibers a series of lines of cell attachment, the intercalated disks or cement 
lines. Such a line occupies a position in the striation corresponding to 
the location of Krause’s membrane, from which it may be derived, and is 
best stained with Mallory’s phosphotungstic hematoxylin after a Zenker 
fixation. It is not easily stained and may not be clearly visible in all parts 
of the section. 

VIII. Methods for Demonstrating Other Tissue Elements 
Associated with Muscle Cells 

For this technique see page 4321. 

IX. Methods for the Study of Electric Tissues 

These tissues, known in only seven types of fishes, are derived from 
muscle cells and one characteristic is that they retain in varying degrees 
the firm, easily fixed myofibril masses found in muscle. In the more 
highly specialized electric organs the electroplaxes have least of this sub- 
stance and are more difficult to secure good preparations from, shrink- 
age being the factor to be guarded against. The cytoplasm, in which 
such myofibrils as are present lie, is peculiarly soft and contains much 
water-soluble material that passes out during the technical processes. 
Consequently the tissues may be divided into two groups, those with 
the larger amount of residual myofibrillation, enough to make successful 
preparations probable, as AstroscopuSy Raja and Mormyrus, and those 
which show but little or no residual myofibrillation, as Malopterurus, 
Electrophorus, Torpedo, and Gymnarchus. The following two methods 
of fixation and imbedding have been found to be the only ones so far 
that will preserve the general form of the units of the second group in 
anything like their natural form and size. For these one of the following 
two methods should be used: 

(1) Place bits of tissue, a centimeter in thickness, in Flemmings strong mix- 
ture and allow them to remain for three or more weeks with one change after 
about twenty-four hours. Wash in running tap water for six hours and run up 
slowly in the alcohols. Imbed carefully in celloidin, first a thin solution and then 
the strong mixture. Harden the block in pure chloroform until dense, change to 
a mixture of two parts chloroform and one of cedar oil and cut sections as thin 
as convenient. Stain with iron hematoxylin and mount. Or, with but slight 
further shrinkage, the block of celloidin may be cut off the carrier and imbedded 
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in paraffin and thinner sections cut, floated out on warm water on the slip, 
cooled and dried fast to it and an almost equally unshrunken picture secured. 
These latter sections can also be stained by safranin and any other dyes that 
can be used after Flemming’s mixture. 

(2) This method depends on formalin. Bits of the tissue may be fixed either 
in 10 per cent formalin, or in any fixative like substance or picric acid contain- 
ing this amount of formalin, for three or more days and then imbedded and cut 
as above in celloidin. This will permit of other staining but the double im- 
bedded specimens will suffer somewhat more shrinkage than the Flemming’s 
material. 

These two methods must be followed in the second group and may be 
followed in the first group of electric tissues with advantage. All other 
ordinary fixing methods may be employed with the first group but the 
imbedding must be done with care. Owing to the presence of a semi- 
permeable membrane on all electroplaxes osmotic action is strong and 
especially in the case of the skate {Raja) great distortion produced by 
this condition is common. Often in electric tissue from this fish the 
membrane which covers the entire electroplax will swell up like a bal- 
loon with the cytoplasm and myoid substance sticking to the anterior or 
the posterior curvature. 

No specific stains have been discovered for electric tissue. The myoid 
substance stains much like muscle, showing only a little less affinity for 
eosin. The large nerve connections are easily stained with nitrate of sil- 
ver by Bielschowsky’s or Golgi’s silver methods, perhaps more easily than 
those found in muscle. The electric connective tissue found between 
the electroplaxes stains much like lax white connective tissue. Embryonic 
electric tissues act much as do other embryonic tissues. The peculiar 
softness and soluble contents of the electric elements appear at an early 
stage, however. 

The principal cytoplasmic inclusions of the electroplax, as in muscle, 
seem to be an energy-storing substance that is most often fluid but in 
some cases assumes the form of solid granules. This substance is solidified 
by the osmic acid in Flemming’s fluid and by formalin treatment, as is 
implied above. When overtreated with Flemming’s strong mixture it 
becomes blackened, so that one should, in using such a section, refer to 
those electroplaxes that lie just inside the more heavily blackened layers. 
The central portions are often useless because the substance has been 
dissolved out in the preparation. Iron hematoxylin or safranin are good 
stains. 

In the Torpedo electric organ that has been carefully prepared by 
even ordinary methods and cut in paraffin the thickness of the electro- 
plaxes is often less than the diameter of the nuclei, which then bulge out 
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the upper and lower membranes. In carelessly prepared specimens so 
sectioned the upper and lower membranes are all that is left and one 
must be an expert to say whether any given nucleus is within one or 
between two electroplaxes. 

Much work has been done on electric tissues by special methods. 
They are easily dissociated and mounted whole to advantage by any 
dissociation methods. To see the myo-striation in Astroscopus, Raja and 
Mormyrus, dissociate in 15 per cent nitric acid and mount unstained in 
glycerine-jelly. The nerve endings have been successfully studied by the 
silver methods of Golgi and Bielschowsky. Also with methylene blue by 
Retzius. Electrochondria or the solid form of the stored fuel material 
has been demonstrated in Mormyrus and Malopterurus by staining with 
iron hematoxylin after Flemming’s fixation. These granules, however, 
appear as almost unstained or yellowish bodies in the cytoplasm. The 
'‘rods” in the electroplax are stained black by absorbed iron hematoxylin 
and gray by further extraction (the true stain) . They may be differ- 
entially stained clear red on a purplish ground by acid fuchsin in 
Mallory’s connective tissue stain as shown by Hughes. 
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The chief methods devised for the study of special features in the 
nervous tissues are outlined in this chapter, as well as some of the general 
methods which have been found by experience to be useful in this field. 

In no field of technique, perhaps, are minor modifications so neces- 
sary and therefore so numerous as in this one. Many different factors, 
such as species of animal, age, myelination and functional condition, as 
well as other imperfectly known factors, demand a variation in the 
procedure. The result is that one has to rely on the experience gained 
by repeated trials. 

If only a general survey of the tissue is desired, certain general his- 
tological methods are useful, but if a special study of relationship of 
neurons, growth, or cytologic details, then special appropriate methods 
are demanded. 

I. Removal of Nervous Tissues from Body 

In the preparation of the nervous tissues for study the first step is the 
careful removal of the material from the body into the fixing fluid. In 
the case of small embryos the whole specimen or a part of it, such as the 
head, is usually prepared entire. In large fetuses or the young of small 
animals the top and sides of the brain are exposed by removal of the 
cranium but the brain may be allowed to remain in the base of the 
cranium until after fixation and washing. In larger animals the brain is 
usually removed by freeing it on all sides. This is an important step in 
securing good results. The general rule is not to handle, press on, or 
stretch the part desired, but to dissect and cut away surrounding struc- 
tures until the part is exposed. 

In the removal of the central nervous system, one needs bone forceps 
of several sizes, and sometimes fine-toothed saws, in addition to the 
usual dissecting instruments. In taking out the human brain the ordinary 
postmortem technique is followed. In the case of smaller animals, smaller 

437 



43 ^ 


MICROSCOPICAL TECHNHIUE 


sizes of instruments must be used. Thus in removing the brain of an 
albino rat, it is advisable to use manicure forceps, and fine-pointed 
scissors. After complete evisceration, or thorough bleeding of the ani- 
mal, the skin of the head and the muscles of the occipital region are 
cleared away to the bone. One point of the fine bone forceps is inserted 
gently between the atlas and one of the occipital condyles, keeping the 
inner point of the forceps close to the latter, and with pressure the 
condyle is broken. Then the other condyle is similarly cut. The occipital 
bone can then be turned upward and the dorsal surface of the medulla 
and part of the cerebellum exposed. It is usually advantageous also to 
cut the atlas on both sides and remove the upper part thus separated. 
Then by cutting forward with the bone forceps on each side, the lateral 
and dorsal aspects of the cranium are quickly taken off in small pieces. 
In young animals the bones readily separate along their sutures. The 
chief difficulties are with the parafloccular lobes of the cerebellum and 
with the olfactory bulbs. Each of the former lies in a lateral bony recess 
which has a narrowed connection with the cranial cavity. The dorsal 
margin of this recess must be carefully chipped away to free the para- 
flocculus. The olfactory bulbs at the nasal end of the brain are held 
closely to the bony floor by the olfactory nerves which traverse the 
openings in the cribriform plate, and it is best to cut these nerves last 
of all. The membranes over and between the two bulbs should be pulled 
up gently, and removed so that the margins of the bulbs are entirely 
free. 

The brain is removed from the cranium by holding the head of the 
animal with its nose pointed downward and with fine scissors cutting, at 
the tip of the calamus scriptorius, the junction of medulla with spinal 
cord and then the most posterior cranial nerves. As the weight of the 
medulla, aided by gentle pressure with the end of the forceps, causes it 
to fall away from the bone when these nerves are cut, the more anterior 
nerves come into view and are cut through in succession with fine- 
pointed scissors. Finally only the olfactory nerves remain, and these are 
cut across, and the brain allowed to drop into the dish of fixing fluid and 
to rest on the layer of absorbent cotton which covers the bottom of the 
dish. 

If only a small portion of the brain is to be taken, the region around 
the part desired should be well exposed. Then with a safety razor blade, 
preferably moistened with the fixing fluid, cuts should be made com- 
pletely through the brain on both sides of the part to be taken. Cut 
any nerves or membranes holding the part and then lift this on a 
spatula of appropriate size into the fixing fluid, or let the tissue fall 
into the fluid directly. Where it is desirable to preserve the entire brain 
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more quickly, the fixing fluid may be injected through the heart or the 
internal carotid artery. The brain is removed from the cranium later,^ 
and is usually placed in more of the same fixing fluid. 

When peripheral nerves are removed, these should not be stretched 
or pressed with forceps. After the muscles have been separated to expose 
the nerve a piece of filter paper is laid on the part desired and the 
nerve cut across at both ends. Raise first one end of the paper cautiously, 
the moist nerve adheres to it, and the connective tissue fibers below the 
nerve can be cut with scissors and the nerve liberated from its surround- 
ings. The paper is then placed with the nerve downward, on the surface 
of the fixing fluid. In the case of nerve trunks of large animals or of 
human nerve trunks, a glass rod or stiff bristle may be laid alongside 
the nerve and the nerve tied with soft string to the ends of the rod. Then 
the nerve is cut beyond the ligatures. The glass rod and the attached 
nerve are then stood up in the bottle of fixing fluid, so that the nerve 
is practically surrounded by the fixing fluid, and is not in contact with 
the inside of the bottle. 

II. Isolation of Nerve Cell Bodies and of Nerve Fibers 

A rapid but crude method of viewing cell bodies, with considerable 
lengths of their processes attached, is to make a film preparation, as in 
examining blood. A small piece (i to 2 mm. across) of gray matter of 
the ventral horn of fresh spinal cord preferably of a large animal is 
squeezed flat between two cover slips, and these are then slid apart. 
The film dries quickly in air, or may be dipped in 95 per cent alcohol 
for a few seconds and allowed to dry. The films are then stained with 
1 per cent aqueous methylene blue or other basic aniline dye, for two 
to three minutes, washed in water, dried and mounted. 

A more careful method is to place small pieces of fresh gray matter 
in a dissociating fluid, as Ranvier's % alcohol, or Gages formaldehyde 
dissociator. The latter is made of formol (full strength) 2 c.c., with 
normal physiological solution 1000 c.c., and should act for two to three 
days. Large cells, as the multipolar cells of the ventral horn, may be 
dissected out under the binocular microscope. When the cells are par- 
tially freed by careful teasing, the pieces of tissue should be stained, as 
by carmine or picrocarmine, or by a dilute aniline dye. Excellent prep- 
arations are often to be obtained in this way. 

To examine nerve fibers in the fresh condition a small piece of nerve 
just taken from the body is placed on the slip, and one end of the piece 
is separated into many little strands by pulling it apart with sharp- 
pointed needles, and by stroking the little bundles lengthwise with the 
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point of the needle. The use of a dissecting microscope for these manipu- 
lations is very helpful. To examine with a microscope merely add a 
drop of physiological salt solution and cover. The myelin I'eadily changes 
its arrangement, forming irregular globules and droplets of varying sizes. 
This occurs on the addition of water, on pressure, and as a post-mortem 
change in the body. 

To fix nerves intended for the isolation of individual fibers, 1 per 
cent osmic acid or 10 per cent formol may be used. The former is best 
for the demonstration of nodes of Ranvier, the latter is good for the 
arrangement of the neurokeratin. A convenient stain for the latter is 
dilute hematoxylin (1 part hematoxylin with 20 parts of distilled water) 
for some hours or overnight. This usually stains the sheath nuclei well. 

To show especially the neurokeratin, the fresh nerves may be di- 
gested with trypsin or pepsin; or fixed in 95 per cent alcohol to dissolve 
the myelin, and stained with dilute hematoxylin and acid fuchsin. To 
make permanent mounts of isolated nerve-fibers, small pieces (not over 
1 mm. in diameter) are stained, dehydrated in alcohols, cleared in clove 
oil, where they are carefully teased out, and mounted in balsam. In 
fixed material the connective tissue framework is tougher than in the 
fresh condition but the nerve fibers are likewise more resistant. The 
large myelinated fibers are easiest to isolate; the Unmyelinated fibers 
require more careful teasing. 

Osmic Acid Method. Osmic acid is the classical jfubstance for demon- 
strating myelinated nerve-fibers, and is still one of the best. The myelin 
is blackened by the osmic acid, and between the blackened fibers are 
also to be seen many thin unmyelinated fibers. These are grayish in 
appearance, nearly colorless. Osmic acid is the method of election in 
the study of the size of myelinated fibers in relation to the rate of trans- 
mission of nerve impulses. 

The osmic acid is used in 1/2 of 1 per cent solution, or at half this 
strength. As osmic acid dissolves slowly, the stock solution of 2 per cent 
or 1 per cent should be prepared beforehand. 

In preparing the stock solution wash and dry the outside of the sealed glass tube 
in which the osmic acid crystals are bought. File around the middle of the tube and 
holding it within the folds of a clean towel, break it into two parts. Drop the pieces 
of the glass containing the osmic crystals into the appropriate quantity of distilled 
water in a glass stoppered bottle. If there is no contamination by organic substances, 
and if the solution is kept in a dark place, not exposed to high temperatures, it 
remains unreduced for several months. After some time, it becomes brownish in 
color, a black precipitate settles on the bottom of the bottle, and the solution is no 
longer useful. 
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In preparing material by this method it is well to use thin nerves, 
1 to 2 mm. in diameter, as the osmic acid does not penetrate far. 
In the osmic acid it soon begins to darken but fixation should be 
continued twenty-four hours. Immersion in the osmic acid may be pro- 
longed to a week but the nerve becomes brittle. The material is then 
washed in running water for twelve to twenty-four hours (small pieces 
one-half hour) . 

When the nerve-fibers are to be examined whole they are placed, 
after washing, in glycerin and are ready to be torn apart. If mounted in 
glycerin and the coverslip cemented around the edge, they remain un- 
altered for years. Or, after washing, small bundles of fibers may be 
dehydrated by passing them directly into 95 per cent alcohol (changed 
twice, two to three minutes in each) and then cleared in clove oil for 
three to five minutes. They may be further torn apart, and then mounted 
in balsam under a cover glass. 

In a study of the length of internodes, Takahashi^ used the following 
procedure in isolating the fibers of the sciatic nerve of frogs: 

A short piece of the fresh nerve, on a strip of cardboard, was fixed 
and at the same time macerated by leaving it twenty-four hours in the 
following solution: 


Solution A Osmic acid, 1 per cent 5 parts 

Chromic acid, 0.25 per cent 3 parts 

Hydrochloric acid 0.10 per cent 2 parts 

Wash in running water twenty-four hours. 

Transfer to solution b twenty-four hours. 

Solution B Glycerin 10 parts 

50 per cent alcohol. ....... 20 parts 

Hydrochloric acid . 0.09 parts 

After this the specimens are preserved in solution c. 

Solution c Glycerin. 10 parts 

50 per cent alcohol 20 parts 


This is renewed once or twice at intervals of twenty-four hours. 

III. Methods of Preservation 

I. Formol, 10 p^r cent; Bouin’s Fluid; Orth’s (formol-Muller) 
Fluid; Formol and Alcohol Mixtures. Human brains are generally 
preserved entire in to per cent formol (i.e. 10 parts of the commercial 
product with 90 parfs of water) and may be kept in it for years without 
change in outer form? but with a certain increase in size and some loss 
of solids. Formol solutions penetrate rapidly and give the tissue a firm 
^ Takahashi, K. J. Comp. NeuroLf 18: 167, 1908. 
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consistency. After formol fixation the material may be imbedded in 
paraffin or collodion and the sections stained by routine methods. 

For brains of fetuses and the very young it is well to use lo per cent 
formol made up with a half-saturated solution of alum in water, in 
order to increase the hardening. 

By adding to 5 per cent formol solution enough sodium chloride to 
make the specific gravity 1.030 (about that of the human brain) the 
initial change is much less and there is usually a decrease in weight. 
As the brains float, submerged in the mixture, there is no distortion 
due to pressure on the sides of the container, and this is highly desirable 
in preserving human brains, whether intended for dissection or for 
microscopic study. 

Formol also serves as the fixing agent in several special procedures: 
as the myelin stain method of Weigert, the silver impregnation method 
of Bielschowsky, and some of the modifications of the reduced silver 
method of Cajal. 

Other fixing fluids suitable for preserving whole brains or large por- 
tions of them, are Bouin’s, Orth’s, and Muller’s fluids. They are used as 
for Other tissues, and histological sections from material thus preserved 
are stainable by all the routine methods. 

IV. Macroscopic Staining of Gray and White Substance 

Several methods have been developed in recent years for showing 
striking color differences between gray and white substance in slices of 
brain hardened in formol. These preparations are intended mainly for 
naked-eye examination. Sincke^ placed the slices first in an aqueous 
solution of iron chloride, and then after washing, in an aqueous solu- 
tion of potassium ferrocyanide. The gray matter was stained a dark 
blue and the white matter a very pale blue. However, fading occurred 
in a comparatively short time. 

Mulligan^ immersed the slices in a fat solvent for a short time, prior 
to the staining process. This was for the purpose of making a protective 
film over the white matter, so that it would not take up the stain. The 
idea was that the lipoids of the myelin would be softened and be spread 
over the intervening axones and neuroglia of the white substance, while 
the gray substance would remain exposed to the action of the stain. The 
solution found by Mulligan to be best adapted for this purpose was a 
phenol mixture made up as follows: 

^Sincke, G, Anat. Anz., 61: 311, 1926. 

® Mulligan, J. H. /. Amt., 65: 468, 1931. 
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Carbolic acid, crystalline 40 gm. 

Copper sulphate, crystalline 5 gni. 

Hydrochloric acid, cone 1.25 c.c. 

Water., 1000 c.c. 


In staining he used tannic acid solution followed by iron alum. 

Recently LeMasurier^ has selected certain parts from these two meth- 
ods and has combined them into a procedure by which the contrast 
between gray and white matter is sharp, with the coloring brilliant and 
lasting. 

After formol fixation the slices are washed for twelve to twenty-four hours 
in running water and in distilled water for one hour with three changes. One or 
two of the slices are then placed for two minutes in an ample amount (e.g. 
500 c.c.) of Mulligan’s solution of phenol at 6o°-65°c. They are then washed in 
a large volume of cold tap water one minute and placed in a 1 per cent solu- 
tion of ferric chloride in distilled water for two minutes. They are now washed 
in running water for five minutes, and placed in a 1 per cent solution of 
potassium ferrocyanide in distilled water until the gray matter is a brilliant blue. 
This should take not longer than three minutes. All the slices from one brain 
may be stained without renewing the solutions. Wash in running water for 
twenty-four hours and finally preserve in 70 per cent alcohol or 10 per cent 
formol. 


V, General Histologic Structure 

In the study of growth of layers, as of the cerebral cortex, or of cells, 
as of Purkinje cells, it is necessary to select as fixing fluid one which 
pi'oduces as little deviation as possible from the size in the living condi- 
tion. Bonin's fluid has been largely used for this purpose on mammalian 
tissues in recent years. 

Several factors, in addition to the fixing fluid itself, have a con- 
siderable influence on the final size of the brain. These are freshness of 
the brain, presence or absence of soft membranes, age, initial size of 
brain, amount of fluid used and temperature. 

Plant^» studying the factors influencing the behavior of the brain of 
the albino rat in Muller’s fluid, found a rapid swelling for a week and 
then a steady loss until the seventy-fifth-day weighing, when the brain 
still weighed 20 to 30 per cent more than the fresh weight. The factors 
to which this range in amount of swelling (20 to 30 per cent) was due 
were chiefly: age of animal, initial brain size, and percentage of water 

^ LeMasurier, H. 1 ^.. Arrh. Neur. Psychol., 106^, 1935. 

^ Plant, J. S. /. Comp. Neurol., 30: 411, 1919. 
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in the brain. It is evident that fallacious results might follow from the 
use of this fixing fluid in growth studies. 

Hrdlicka/* using both human and animal brains, studied the effects 
of formol solutions, and found a sharp initial rise in the weight of 
the specimens, reaching a maximum within less than a week, with a 
subsequent gradual, long-continued loss. On sheep brains lo per cent 
formol caused an increase in weight of 15 per cent by the end of the 
first week, which was reduced to 10 per cent at the end of the second 
month. This gradual loss is attributed to the dissolving of certain brain 
constituents by the watery fluid. 

H. D. King'^ studying the effects of 10 per cent formol on brains of 
albino rats, found that it produced a pronounced swelling at all ages, 
and that a lo per cent solution of formol, neutralized with sodium 
carbonate, produced a much greater swelling than does a solution with 
a faintly acid reaction. Also 10 per cent formol, acting for periods of 
one month and over, extracts solids from brains of all ages. Brains of 
very young rats (from birth to ten days) lose 30 per cent of their solids, 
while brains of adults lose 2 per cent. 

By histological examination of brains fixed in 10 per cent formol, 
King^ showed that this substance did not have as injurious an effect 
on the structure of the cells as did other fixatives that produced much 
less alteration in brain weight. After fixation in 10 per cent formol and 
imbedding in collodion, there was no apparent shrinkage of the cell- 
body, the cytoplasm stained evenly and appeared uniformly distributed. 
The nucleus, however, was decidedly larger than normal, its reticulum 
poorly preserved and faintly staining. Of the many combinations of 
formaldehyde which King tried, the picro-formol-acetic mixture of Bouin 
was the one which produced practically no alteration in brain weight, 
and besides gave an excellent preservation of the nerve-cells. 

Sugita,® in preparation for an intensive study of the growth of the 
cerebral cortex and of the pyramidal cells in the albino rat, compared 
the effects on brain weight and histological structure of the following 
fixatives: (1) Bouin’s fluid, (2) 10 per cent formol, (3) 95 per cent 
alcohol, (4) Muller’s and Orth’s fluids, (5) Ohlmicher’s modification of 
Carnoy. Specimens were imbedded in both parajofin and collodion for 
comparison. He found the Bouin’s fluid best adapted for his purposes, 
inasmuch as there was no significant change in tdtal weight or volume, 
and the original shape was quite well preserved though a slight shrink- 

® Hrdlicka, A. Proc, U. S, Nat. Mils ., 30: 245, 1906. 

^ King, H. D. 23: 283, 1913. 

® King, H. D. JRerord, 4: 213, 1910. 

® Sugita, N. /. Cofn|>. iVewroC, 28: 511, 1917; 29: 1 19, 1918, 
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age occurred, no matter what the age of the brain. The contours of the 
nuclei were rounded, and the Nissl substance showed well after stain- 
ing. For each brain he used 20 c.c. of Bouin’s fluid, and fixed for twenty- 
four hours at room temperature (or two hours at 37 °c.) ; washed in 
running water, twenty minutes; into so c.c. 80 per cent alcohol, twenty- 
four hours; into 90 per cent alcohol, twenty-four hours; sliced pieces 
s mm. thick, and placed in absolute alcohol, six hours; xylol, one and 
one-half hours at room temperature; xylol-paraffin, one and one-half 
hours, at 37°c.; paraffin, two hours, in oven at 56°c.; stained with carbol- 
thionin (p. 450) , washed, dehydrated, cleared and mounted. 

Every step in the preparation of nerve tissue after fixation still 
further alters its dimensions. The dehydrating fluids cause shrinkage as 
does also the imbedding process, especially in paraffin. The aqueous 
solutions through which the tissues are passed tend to increase the 
volume, while sectioning and affixing to the slip, especially when the 
temperature is high, cause shrinkage, as do some of the dyes used for 
staining, and this shrinkage is increased by the dehydration preceding 
mounting. 

By making linear measurements at definite points in the fresh mate- 
rial and at the same points on the imbedded specimen, and by com- 
paring these with the measurements made on the section after mounting, 
an estimate as to the changes in size can be obtained. 

All size observations should be reduced to those for the fresh mate- 
rial, for only in this way can the results obtained by different workers, 
and from different animals, be properly compared. 

VI. Shape and Relationship of Neurons 

I. Golgi Silver Methods. These consist essentially of immersing 
fresh pieces of nervous tissue first in a solution containing potassium 
dichromate (and usually osmic acid) , and then in silver nitrate. A black 
deposit of a reduced silver salt is formed in and around the processes 
and cell-bodies of many of the neurons. Only a small fraction of the 
neurons and neuroglia are thus brought into view, one here and one 
there, but these are often shown in their entirety, so that the form of 
their cell-bodies and the distribution of their processes stand out promi- 
nently on a nearly colorless background. This selectiveness is a great 
advantage, for if all neurons were equally blackened the individual 
would be masked. In addition to the neurons, however, other structures, 
as blood vessels and connective tissue fibers may be blackened, and there 
is often an irregular distribution of black precipitate, especially in the 
outer portion of the block. As the method is largely empirical, results 
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are uncertain, but usually something of interest is to be seen. With 
Golgi\s original methods the best results are obtained with neonatal 
animals up to two to three weeks old. 

There are three main methods of Golgi himself, of which only the 
rapid method is given here. 

a. The Rapid Method of Golgi. 

1. Fix and harden a number of thin pieces of brain or spinal cord, pref- 
erably not over 5 mm. thick, in the following solution (Golgi’s fluid) for two to 
eight days: 

Potassium dichromate, 3 per cent to 5 per cent aqueous. . 4 parts 

Osmic acid, 1 per cent aqueous 1 part 

This should be renewed if it becomes turbid. 

Take out a piece beginning with the second day, and each successive day, 
rinse in distilled water and dry the outside with filter paper. 

5. Dip in small amounts of 1 per cent aqueous solution of silver nitrate until 
precipitate po longer appears, then place in ample fluid and leave for one to 
two days. The material may be kept at room temperature or on an oven, not 
over 35°c., and it is usual but apparently not necessary to exclude the light. 

4. Rinse in 80 per cent alcohol, several changes, to wash out the silver 
nitrate. 

5. Thick sections are cut free-hand, or as frozen sections, or after rapid im- 
bedding in collodion or paraffin. 

The best results are obtained after rapid imbedding in collodion, as follows: 

Transfer to 95 per cent alcohol for one to four hours according to size; 
absolute alcohol, for the same length of time; absolute alcohol and ether, one 
hour; thin collodion, in a loosely corked vial on the oven for several hours, until 
the collodion thickens; block; harden in vapor of chloroform; cut thick sections 
in 95 per cent alcohol. 

The sections may be cleared in cedar oil, or creosote, followed by xylol, or 
in a mixture of carbolic acid 50 c.c., oil of thyme or cedar wood 50 c.c., oil of 
bergamot 25 c.c. followed by xylol. The sections may be cut in this mixture 
rather than in alcohol, so that the clearing process starts immediately. If the 
blocks of imbedded tissues are not cut at once they should be stored in this 
mixture. 

There are two methods of mounting the sections: 

a. Cover the sections on the slip with a relatively large quantity of thick 
xylol balsam, and heat carefully over a flame or on a hot plate to drive off the 
solvent, so that the balsam becomes hard as soon as it cools. Just before the 
balsam cools, a warm cover glass may be placed on the preparation and gently 
pressed down. 

b. Melt some hard balsam in a porcelain crucible. Warm a slip, so that it is 
not too hot to hold, place the sections on it, and cover with a drop of the fluid 
balsam. It hardens immediately, as it cools. A cover glass may be added as before. 
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The duration o£ the hardening process in the Golgi's fluid is of great 
importance. This varies with the kind of impregnation aimed at, the 
region of the nervous system, age of the individual, whether embryonic 
or adult, species, temperature at which the hardening takes place, and 
quantity of hardening fluid. The times for the spinal cord are given as 
two to three days to show neuroglia, three to five days for nerve-cells, 
five to seven days for nerve-fibers and collaterals, but these are true 
only in a very general way, for neuroglia and nerve-fibers usually appear 
irrespective of the duration in the hardening fluid. 

When the quantity of the tissues is greater the fluid is relatively less 
effective, and the hardening process is slowed. When there is under- 
hardening there appears only a diffuse red precipitate of silver chromate. 
When there is over-hardening there is absence of impregnation, and 
only sharply defined crystals. As to age, generally the older the tissue, 
the longer the time required in’ the hardening fluid. Fetal and newborn 
human tissues, under favorable conditions, react for twenty-four hours 
after death. 

h. The double impregnation process of Cajal. 

A sample procedure with pieces of cerebellum of a fifteen-day or 
thirty-day-old cat or dog is as follows: 

Five or six flat pieces, not over 4mm. thick are placed in 30 c.c. of Golgi^s 
osmic-dichromate fluid for three days on the oven at 20° to 25®c., in a glass- 
stoppered botde. A stock of this fluid may be kept in a brown bottle in the 
dark. Place the pieces directly in a small quantity of 0.75 per cent silver nitrate, 
where there is a copious precipitate; then into 100 c.c. of 0.75 per cent silver 
nitrate, for thirty hours, on the table. Dry the outside of the pieces by turning 
them over on filter paper, and place them in the original 30 c.c, of osmic- 
dichromate fluid, and leave for one day on the oven. Change the pieces directly 
into the original 100 c.c. of 0.75 per cent silver nitrate, and leave for one day. 

After rinsing off the silver in water, dry the outside of the pieces on filter 
paper. Dip them into 95 per cent alcohol for one to two minutes, and dry on 
filter paper. Mount directly on cubes of hard paraffin, by heating one surface of 
the latter with a heated spatula until the paraffin begins to melt. Place a piece of 
tissue on the melted surface, and apply a hot needle to paraffin around the base 
of the piece of tissue, to ensure good contact. Dip in 95 per cent alcohol. Cut 
sections 85 to loo^a. Wash sections well in 95 per cent alcohol using 5 to 6 
changes, total time not more than a half hour. Transfer sections to slip, press 
gently and dry with filter paper. In the Instituto Cajal the original formula of 
Cox“ is still used for covering the Golgi and Cox-Golgi preparations, without 
the use of cover glasses. This consists of sandarac 75 gm., camphor 15 gm., tur- 
pentine 30 C.C., lavender oil 22.5 c.c., absolute alcohol 75 c.c., castor oil 5-10 
drops. After the sections are placed on the slip, the 95 per cent alcohol is 

Cox, W. H, Arch. f. Mikr. Anat.f 16, iSqi. 
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blotted oil carefully and the sandarac mixture applied directly. When firm, re- 
peat application once or twice, until there is a permanently smooth surface, and 
protect from dust and light. Such preparations have been kept for twenty years 
and more without deterioration of the impregnation. 

c. Modifications of Golgi Methods xuith ForrnoL These modifica- 
tions react better with adult than with young tissues, and may be used 
on human autopsy material. 

(i) Strong's formulaii for the hardening fluid: 


Potassium dichromate, SV2 B 

Formol, full strength 2I/2 to 5 c.c. 


Use a number of thin fiat pieces, and each day, for five to eight days, 
transfer a piece to 1 per cent silver nitrate, and proceed as in the original 
method. As the formol penetrates better than the osmic acid, the stage 
of the hardening process which is favorable for impregnation may be 
reached as early as eighteen hours. It is found, also, that this favorable 
stage lasts longer than with the osmic acid mixture, and consequently 
good results are more certain over a greater range of time. 

(2) In Kopsch's modification,^- the tissues are first placed in a mix- 
ture of 5.5 per cent potassium dichromate, 4 parts, and formol, 1 part, 
for twenty-four hours, and then in 3.5 per cent potassium dichromate 
alone for three to six days, before being silvered. The Purkinje cell 
dendrites and other structures of the cerebellar cortex are often well 
shown in human autopsy material by this method. 

2. Cox-Golgi Method. This is one of the simplest procedures for 
demonstrating the relations of dendrites and axons to the cell-body. 

There are three stock solutions which keep indefinitely. 

A. 5 per cent aqueous solution of potassium chromate. 

B. 5 per cent aqueous solution of potassium dichromate. 

G. 5 per cent aqueous solution of mercuric chloride. 

Dilute 16 c.c. of A with 40 c.c. of distilled water. 

To 20 c.c. of B add 20 c.c. of c. 

Mix these two solutions and allow to warm on incubator. 

This quantity is suitable for the brain of an albino rat. To prevent 
evaporation, seal around the stopper of the bottle with paraffin, and 
leave on incubator for about a month. At the end of several weeks the 
tissue becomes brownish in color and rather friable. It may be tested by 
slicing off portions with a safety razor blade or making frozen sections. 
To obtain good sections, it is best to imbed in collodion in the usual 

^‘ Strong, O. S. Anat. Am., 10: 494, 1895. 

Kopscli, ¥. Anat. Anz., 11: '727, 1896. 
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way. As the sections are to be cut thick, they may be imbedded rapidly. 
The sections should be well dehydrated and cleared before mounting in 
damar or balsam. They may also be mounted like other Golgi prepara? 
tions in hard balsam or in the sandarac mixture of Cox, without cover 
glasses. 

The cell-bodies and processes are outlined in black on a light yellow- 
ish or colorless background. There are also irregular black deposits and 
some blood vessels may be impregnated, but in both these respects the 
Cox method is often better than the Golgi silver methods. Preparations 
mounted under cover glasses usually deteriorate in several years, 

Bremer^^ found that after thorough imbedding (usual steps of de^ 
hydration, followed by one week or more in thin collodion, and an equal 
time in thick collodion) the sections may be easily stained with hema- 
toxylin and eosin, without injuring the impregnation, and that these 
stained specimens showed less of the mercury deposit after several 
months than did the specimens without stain. 

3. The Cajal reduced silver methods show the size and relation^ 
ship of neurons especially in embryos and neonatal animals. These 
methods are given later. 

VII. Methods for Special Structures in Cell-Bodies 

I. Nissl Bodies. Nissl bodies have been demonstrated in the cyto 
somes of nerve cells of animals as soon as twenty-five seconds after death 
by decapitation (Heldt^^) . They also persist for some time after death. 
Malone^^ for his study of the superior olive, used an entire human 
medulla, removed from the cranium seventeen hours post-mortem. From 
its living semi-fluid, diffuse state the Nissl substance changes into the 
form of granules, which have more or less characteristic shapes and pat- 
terns of arrangement in different types of nerve cells. 
a. Simple methods for Nissl bodies. 

(1) Fix tissue, just removed from body, in 95 per cent alcohol, or 10 per cent 
formol, for one to two days. 

(2) Imbed in paraffin, cut and mount sections, decerate and carry back to 
water. 

(3) Stain for six hours to overnight in a 0.1 to 1 per cent aqueous solution of 
toluidine blue, methylene blue or cresyl violet. 

(4) Rinse in water, dehydrate and differentiate in 80 per cent, 95 per cent 
and absolute alcohol. Clear in xylol and mount in damar or balsam, 

Bremer, J. L. Anat. Record^ 4; 263, 1910. 

HMU T. ]. J. Comp. Neurol., 315, 1913. 

Malone, E. F. /. Comp. Neurol., 35: 205, 1923. 
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King’s^^^’ carbol-thionin staining method has been used by a number 
of investigators at The Wistar Institute on the nervous tissue of the 
albino rat. The mounted paraffin sections or loose collodion sections 
are stained for two to three minutes in a i per cent solution of carbolic 
acid saturated with thionin. The sections are then washed quickly in 
distilled water, differentiated in 95 per cent alcohol, and passed quickly 
through a mixture of equal parts of chloroform and absolute alcohol 
into xylol and mounted in balsam. The mixture of chloroform and 
absolute alcohol must be changed frequently, especially on humid days. 

Neutral red in dilute solution, well ripened, was found by Johnston^'^ 
to be especially useful after formol fixation. The neutral red must be 
ripened, in 1 per cent aqueous solution, for one, two or four years. 
For use it is diluted to or of 1 per cent, and this diluted stain 
may be used repeatedly. It is advised to clear the sections in 1 part 
xylol with 2 to 3 parts of castor oil. Good results were obtained in sec- 
tions 50/X thick, through the whole brain of the newborn child. It may 
also be used after the Cajal or Bielschowsky methods, on alcohol- or 
formol-fixed material. 

Kirkman^s ^^s able to use an unripened neutral red solution on 
Bouin or formol fixed material with satisfactory results. The formula 
was as follows: 


Neutral red (Coleman and Bell) 1 gm. 

Distilled water. 500 c.c. 

1 per cent aqueous solution of glacial acetic acid 2 c.c. 


This was also used after Pal-Weigert stain. The sections were counter- 
stained for ten to twenty minutes, rinsed quickly in distilled water, 
differentiated in 95 per cent alcohol, dehydrated, cleared and mounted. 

Huber’s^® technique has been used successfully on a large variety of 
vertebrate forms. Larger pieces than usual can be fixecl, and the fixative 
penetrates rapidly enough for use on human autopsy material. 


Fixing solution: 

Ethyl alcohol, 95 per cent 100 c.c. 

Acid trichloracetic (Mallinckrodt) . 1.5 gm. 

Mercuric chloride, c.p. (Mallinckrodt). 3.0 gm. 


Pieces 2 cm. thick are fixed two to three days, 4 cm. thick three to 
four days, larger pieces eight to ten days, with the fluid renewed every 

King, H. D. Loc. cit. 

/^’’Johnston,}. B. Anat. Record, 11: 207, 1916. 

Kirkman, 1 . J. Her. 51: 323, 1932. 

Huber, G. C, Contributions to Med. $c. Dedicated to Aldred Scott Warthin. Ann 
Arbor, Mich., 1927, 1. 
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two days. The fluid is decanted and replaced with 95 per cent alcohol, 
in which the tissues raay be stored until further use. The mercuric 
chloride is not removed by iodinized alcohol, as this interferes with the 
staining. Dehydrate blocks thoroughly, imbed in paraffin, cut sections, 
remove paraffin, and carry down to water. Stain in 0.1 per cent aqueous 
solution of toluidin blue (Griibler) for fifteen to eighteen hours. 

The stain is prepared by placing 1 gm. of toluidin blue in a liter flask and 
adding about 500 c.c. of distilled water. Heat gently and when the stain is dis- 
solved, add 500 c.c. more of distilled water. 

Decant staining solution, and wash the sections several times in dis- 
tilled water. Decant distilled water, and fill the staining dish with a 
solution of lithium carbonate prepared as follows: 

A saturated solution of lithium carbonate is made up by adding about 5 gm. 
of lithium carbonate to 1 liter of distilled water. Boil several minutes, cool and 
filter. To 100 c.c. of the saturated solution add 900 c.c. of distilled water. 

The sections stay here for two hours, are washed for a few minutes in 
distilled water, and differentiated in 70 per cent alcohol, five to thirty 
minutes. The slides should now be placed flat in 95 per cent alcohol, for 
five to fifteen minutes, then in absolute alcohol, xylol. Mount in balsam. 

Einarson stained the nerve cells of different parts of the nervous sys- 
tem of rabbit after various fixations (96 per cent alcohol, neutral formol, 
formol-alcohol, Zenker, Zenker-acetic, mercuric chloride, pure acids, am- 
moniated alcohol, alkaline-alcohols, pyridin, osmic acid, salts of different 
metals and other fixatives) . He found by application of new staining 
methods that the Nissl pattern was just minimally modified by varying 
the fixative. Only the capacity of the cell for being stained with ordinary 
dyes was modified and changed by the selection of fixative. By the use 
of gallocyanin and gallamin blue, on alternate slides, he found that the 
Nissl substance was practically always stainable. He suggests that the 
Nissl bodies contain at least three histological components, i.e., (1) a 
basophil chromatin substance, (2) a basophil protein, and (3) an acido- 
phil protein. The first two are stainable with gallocyanin and the third 
with gallamin blue and slightly with eosin. After any ordinary fixation 
all of the histological components can be stained by alternating the use 
of gallocyanin and the gallamin blue methods. 

Gallocyanin Method^^: 

One gram of chromalum (K2S04Cr2S04.24 HgO) is dissolved in 200' c.c. of dis- 
tilled water to which is added 0.3 gm. of gallocyanin (Griibler-Hollborn). The 
mixture is then gradually warmed and gently boiled for fifteen to twenty-five 

Einarson, L. Am. J. Path., 8: 295, 1932. 
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minutes, shaking frequently. Cool gradually and filter. Stain the deparaffinized 
sections after they have been carried down through water, twenty-four to forty- 
eight hours. Wash in distilled water, dehydrate, clear and mount. 

Galiamin Blue Method^i: 

Five-tenths gram of gallamin (Grubler-Hollborn) is gradually heated in 
200 c.c. of distilled water, and allowed to boil gently for five to ten minutes. 
Cool slowly and filter. Stain sections overnight twelve to twenty-four hours. 
Wash in water three to eight minutes, differentiate in 50 per cent alcohol fifteen 
seconds to three minutes, 70, 80, 95 per cent and absolute alcohol for three 
minutes each, clear and mount. The stain comes out readily in 70 per cent 
alcohol and less in the higher alcohols. 

When the processes of nerve cells are injured there are chemical and 
morphological changes in the Nissl substance. When the cell does not 
degenerate completely as the result of the injury, the Nissl substance 
gradually reforms into the normal Nissl bodies. In general, the same 
methods are used for showing degenerative and regenerative changes as 
for the normal Nissl bodies. Nicholson'-^^ has found in the albino rat, 
after ligation of the axons of the hypoglossal nerve, that degeneration 
progressed from the first to the fifteenth day, and that regenei'ative 
processes took place and steadily progressed from the sixteenth to the 
forty-fourth day. Papez,^^ studying the subdivisions of the facial nucleus 
by the method of chromatolysis, removed the tissues to be examined from 
rat, guinea pig, cat and dog, at the thirteenth to the seventeenth day 
after operation. Windle,^^ after removal of the pulp from the teeth of 
dogs, found chromatolytic changes in certain cells of the Gasserian 
ganglion after twelve to fourteen days. Both Papez and Windle fixed in 
Carnoy's fluid; the former stained with methylene blue, the latter with 
toluidine blue. 

2. Neurofibrils, a. CajaVs Reduced Silver Methods, The central 
idea of CajaFs methods is the application of photographic developers to 
tissues which have been treated with silver niti'ate. In all the methods 
except the original there is a preliminary fixation before the immersion 
in silver nitrate. The neurofibrils are seen within the neurons, and the 
axons, dendrites, and telodendria are impregnated with a reduced silver 
compound. 

Many modifications have been introduced into the original method 
to adapt it for special purposes. These have been published in a special 

^ J, Comp. Neurol, j 101, 1935. 

Nicholson, F, M. J, Comp. Neurol. , 36*. 37, 1923. 

^ Papez, J. W. /. Comp. Neurol., 159, 1927. 

Windle, W. F. /. Comp. Neurol,, 43: 347, 1927. 
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book-® which may be referred to for a complete account. These modifica- 
tions consist principally in the chemicals used in the preliminary fixa- 
tion, and the presence or absence of a secondary fixation. The procedure 
consists of (a) primary fixation, (b) secondary fixation, (c) washing, 
(d) silvering, (e) washing, (f) reduction. After reduction the tissues 
are rinsed in distilled water, hardened in absolute alcohol, imbedded in 
collodion or paraffin, sectioned, cleared and mounted in balsam or 
damar. The following are the procedures in use at the Instituto Gajal, 
from personal observation in 1928, together with certain modifications 
suggested mainly by American investigators. All chemicals should be 
chemically pure, especially in the fluids used for the preliminary fixa- 
tions. The alcohol for fixation, both when used alone and in the 
ammoniacal alcohol fixation, may be absolute or 96 per cent, but should 
be high-grade, as for analysis. Cajal used formaldehyde bought in one 
pound containers and pyridine in small ampules which were re-sealed 
after use. Experience has shown that the selection of the formula to be 
used depends on the part of the nervous system to be studied, on the age 
of the animal, and to a certain extent on the species. Pieces should be 
not over 3 mm. in thickness ordinarily. 

Spinal Cord. All the formulas are applicable to the spinal cord. The 
neurofibrils of the motor neurons of the ventral horns are shown well 
by Method in, especially in young animals, during the first two weeks 
after birth. For myelinated fibers, large and small. Methods n and vi 
are effective; for the terminal buttons of Cajal, the myelinated plexus 
of the gray matter and the myelinated fibers of the white matter. Meth- 
ods III, IV, and V. 

Cerebelhim. The cerebellum responds to the different formulas with 
a considerable variety of reactions. For the adult Purkinje cells, and the 
terminal pericellular arborizations of the basket cells, Method in; for 
adult mossy fibers, Methods iv and vi; for climbing fibers, parallel fibers, 
axons of stellate cells, Method vi (this method is especially good for these 
structures in small adult animals). The method of Cajal for use on 
frozen sections is excellent for the baskets around the Purkinje cells. 
For embryos, especially the younger stages. Method v. For the granule 
cells, Methods i and n, and sometimes in. 

Cerebrum. In the cerebrum Method i is advantageous for the pyra- 
midal cells, especially the medium and small cells, particularly in young 
animals, as cat and dog, eight to thirty days; for unmyelinated and 
myelinated fibers, of medium and larger size, Methods ii and in; for 
fine nerve plexuses, Methods iv, v, and vi. 

Cajal, S. R., and deCastro, F. Elementos de T^cnica microgrdfica del sistema 
nerviosa. Madrid, 1933. 
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Neuroblasts, For the demonstration of neuroblasts and their processes, 
the best results are given with alcohol, and with pyridine. These are 
useful with all the vertebrates, especially with embryos of birds and of 
fish. For more advanced stages of embryos and fetuses of mammals, 
however, Methods iii and vi and alcohol with accelerator may be used. 

Ga7iglia, For sympathetic ganglia are advised Methods in, iv and v. 
The visceral ganglia (plexuses of Auerbach and Meissner, etc.) are more 
difficult to color. For these Castro has obtained good results with for- 
mulas containing chloral hydrate and urethane. For sensory ganglia 
Methods n, in and v are used. 

Method I is applicable to the brains of small animals or to those of 
fetuses and the very young of large animals. It gives good results with 
the medulla, pons, cerebellum, cerebrum of fetal and neonatal animals, 
and with the cerebellum and cerebrum of adults. It shows pyramidal 
cells in the cerebrum and granule cells in the cerebellum. 

Without any previous fixation the pieces of tissue are: 

(d) Silvered in a 1.5 per cent aqueous solution of silver nitrate for three to 
five days, at 37°c. in the dark. The silver solution should be abundant, 80 to 
100 c.c. for 2 or 3 pieces of tissue, and should be kept in glass bottles, with 
ground stoppers or with corks paraffined to prevent evaporation. The impregna- 
tion is sufficient when the pieces have assumed the color of tobacco. 

(e) Rinse the tissues in distilled water. 

(f) Reduce for twenty-four hours in the following: 


Pyrogallic acid or hydroquinone 1 to 2 gm. 

Neutral formalin, full strength 5 to 10 c.c. 

Distilled water 100 c.c. 


In invertebrates, especially with Hirudo, good results have been ob- 
tained using 6 per cent silver nitrate. 

Before mounting the sections, it often improves the clearness of the 
preparations to tone them in a bath of gold chloride, as follows: 

Water. 

Yellow chloride of gold 1 to 500 parts of water for fifteen to thirty minutes. 

Water. 

Hyposulphite of soda 5 or 10 per cent for one-half minute. 

Water. 

Dehydrate etc. and mount in balsam. 

Method II colors splendidly both myelinated and unmyelinated nerve- 
fibers, pericellular arborizations and large and medium-sized nerve cell- 
bodies. Best results are with cerebellum and cerebrum. Impregnates very 
well also the motor and sensory nerve-terminations (corpuscles of Pa- 
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cini, Meissner, Krause, Merkel, etc.) . Gives good results also with nerves 
in course of regeneration, with young embryos (embryos of chicks from 
sixty hours onward) and with young fish. 

(a) Fix in alcohol, absolute or 96 per cent for twenty-four hours. In place 
of ethyl alcohol one may use methyl, propyl, butyl, or allyl alcohol. 

(d) Cut out pieces not over 2.5 mm. thick and silver for five to seven days, 
at 28° to 35°c. 

(e) and (f) as before. 

Variant i. 

(a) To the alcoholic fixative is added a hypnotic (veronal, chloral hydrate, 
etc.) as an accelerator, 1 gm. to 50 c.c. of 96 per cent or absolute alcohol. 

This requires only five days in the silver nitrate and is said to increase 
the constancy and regularity of the reaction. With very young embryos, 
however, the addition of the accelerators, e. g., veronal, does not give 
as good results as does the alcohol alone. 

Material which has been for a long time in alcohol may be rejuve- 
nated by chloral hydrate or veronal. Thus, pieces of human cerebrum 
and cerebellum which have been in 95 per cent alcohol for a whole year 
and which then give but a weak coloration, acquire a greater electivity 
after treatment with chloral hydrate or veronal. The same effect may 
also be obtained with ammoniated alcohol. 

Method III is particularly good for the neurofibrils of spinal cord 
and the ganglia of neonatal dogs, cats and rabbits. Good results are 
obtained with the adult cerebrum and cerebellum and sympathetic sys- 
tem. For the last, especially in man and other large mammals, this for- 
mula is the best, according to Castro.^® 


(a) Fix for twenty-four hours in 

Absolute or 96 per cent alcohol 50 c.c. 

Ammonia, concentrated 1 to 12 drops 


The ammonia should be fresh from the stock bottle. It is important to 
modify the quantity of ammonia according to the part of the nervous system to 
be studied. For spinal cord and medulla, 8 to 12 drops; for cerebrum, 1 to 3 
drops; for cerebellum 4 drops; for peripheral nerve-endings, 2 to 3 drops. If 
the quantity of ammonia is excessive, the coloration is pale. In order to insure 
uniform size of the drops one should use a very fine tube, as a 1 c.c. pipette, 
calibrated to hundredths of a cubic centimeter. In the fixation, excessive con- 
traction may be avoided by first placing the pieces in 70 per cent alcohol for 
six hours, then in 85 per cent alcohol for an hour or two, and finally in am- 
moniated alcohol. 

^ de Castro, F. Trah. Lab. Investig. Biolog, de la Univ. de Madrid, 19: 241-340, 1921. 
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(c) Mop with filter paper. 

(d) to (f) as before. 

Method IV. Good results aire obtained on the unmyelinated fibers 
of the central nervous system and the pericellular arborizations, espe- 
cially of adult animals. It colors well the mossy fibers of the cerebellum. 

(a) Fix in 15 per cent formol for six to twelve hours. 

(b) Wash in running water, six hours or more, to remove formol completely, 
and refix in ammoniated alcohol (96 per cent, or absolute, alcohol 50 c.c. am- 
monia 5 drops) for twenty-four hours. 

(c) Mop with filter paper. 

(d) to (r) as before. 

Variant 1. Walker-'^ recommends for rat fetuses: 

(a) Fix in 10 per cent neutral formol, nine days. 

(c) Rinse in water. 

(d) Silver as in Method i for two days. 

(e) Rinse in water. 

(f) Reduce for twenty-four hours in the dark in: 


Hydroquinone 2 gm. 

Distilled water 100 c.c. 

Neutral formol 8 c.c. 


Method V. This gives good results especially in young embryos. 
In adults it colors by preference the fine myelinated fibers. The neuro- 
fibrils are strongly colored. It is excellent for nerve terminations and 
for the phenomena of regeneration. It, howevei', has the disadvantage 
of being somewhat inconstant, and of not revealing in the case of re- 
generation the earliest formations. But when properly treated the regen- 
erating fibers are colored intensely. The intensity of color after treatment 
with silver nitrate is in general paler than that with the other formulas. 

(a) Fix for twenty-four hours in: 

Pyridine undiluted, or in 

Pyridine diluted with an equal quantity of distilled water, or in 

Pyridine 40 parts and 95 per cent alcohol 30 parts. 

It is best to use the diluted pyridine with adult tissues, to avoid 
undue distortion and vacuolization. Cajal employed usually the pyridine 
at yo per cent and obtained good results in embryos on account of the 
great contrast and power of penetration. 

(c) Wash in running water, twelve to twenty-four hours, until the odor has 
gone, and leave in 95 per cent or absolute alcohol six to twelve hours. 

(d) to (f) as before. 

Walker, G, A. J. Comp. iVeurof., 59: 29, 1934. 
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,, Variant i. Faworsky^s recommends for terminations in muscles and 
epithelia: : 

(a) Fix for twenty-four hours in 100 c.c. 50-80 per cent alcohol with 0.5-5 
c.c. of acetic acid. 

(b) Wash in 50 per cent alcohol several hours and refix in 96 per cent alco- 
hol, too c.c., ammonia 1 c.c. for two days. Wash and place in pyridine for one 
to two days. 

(c) Wash twelve to twenty-four hours in running water and in changes of 
distilled water two hours. 

(d) Silver in 2 per cent solution 4 to 10 days at 37 °c. 

(e) Mop with filter paper. 

(f) Reduce for twenty-four hours in: 


Pyrogallol 1 gm. 

Neutral formol 10 c.c. 

Distilled water 100 c.c. 


Dehydrate, starting with 70 per cent alcohol. 

Variant 11. Ranson,^^ using a combination of this method and Method 
III, has obtained particularly good results on unmyelinated fibers in the 
peripheral nervous system. It gives an excellent differential coloration 
of unmyelinated fibers, both in nerve-trunks, in ganglia and in pia 
mater. The unmyelinated fibers are black, and are sharply differentiated 
from the surrounding light yellow endoneurium; myelinated fibers are 
stained yellow, and are surrounded by a colorless ring of myelin. Ranson 
has used it for studying the myelinated and unmyelinated components 
of spinal nerves, and of the vagus nerve in several species, as well as 
spinal ganglia, sympathetic trunk and ganglia, and spinal cord. Other 
workers have used his modification with good results in the central 
nervous system. 

(a) Fix in absolute alcohol with 1 per cent ammonia, forty-eight hours. 

(b) Rinse in distilled water, less than three minutes and refix in pyridine, 
twenty-four hours. 

(c) Wash in many changes of distilled water for twenty-four hours. 

(d) Silver in 2 per cent solution in the dark at 35°c., three days. 


(e) Rinse in distilled water. 

(f) Reduce for twenty-four hours in: 

Pyrogallol 4 gm. 

5 per cent formol in distilled water. 100 c.c. 


Ranson and Billingsley^® found that in dealing with small nerves 
and ganglia, the method failed to give good results, apparently because 

“ Faworsky, B. A. Anat. Anz., 70: 376, 1930. 

Ranson, S. W. Rev. Neurol. & Psychiat., 12: 467, 1914. 

^“ Ranson, S. W., and Billingsley, P. R. 7. Comp. NeuroL, 29: 313, 1918. 
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the volume of the tissue was too small. This was overcome by coating 
the nerve with other nervous tissue in the following manner: a fine silk 
thread was tied to the nerve, and by means of a long fine needle it was 
drawn into the lateral half of the spinal cord along the line of the 
ventral gray column. After fixation two hours in the ammoniated alcohol 
the block was pared down with a razor into the form of a bar, not over 
4 sq. mm. in cross-area. The cord was dissected away from the nerve just 
before it was dehydrated and cleared in preparation for imbedding. 

This method is also useful for showing the degeneration of unmye- 
linated fibers. Johnson, in an experimental study of the degeneration 
of the extrinsic nerves of the small intestine by this method found the 
following procedure important in fixing the tissues: Physiological salt 
solution was injected through the mesenteric circulation and through 
the lumen of the selected length of the intestine until it was blanched. 
Then the ammoniated alcohol mixture was introduced by the same 
routes under slight pressure. The intestine was thus kept distended for 
an hour, when strips, 2 mm. or less in diameter, were cut off along 
the mesenteric attachment, threaded through pieces of spinal cord, and 
the whole returned to fresh fixing fluid to complete the fixation. 

Method VI gives the best coloration for motor end-plates, pericellu- 
lar arborizations, cerebellum, etc. The addition of the ammonia to the 
alcohol is necessary in order to render alkaline the acid fluid of the 
chloral hydrate, because the reaction takes place only in a slightly alka- 
line medium. 


(a) Fix for twenty-four hours in: 


Chloral hydrate 5 to 6 gm. 

Absolute alcohol .... 25 c.c. 

Distilled water 75 c.c. 


(The original Cajal formula was chloral hydrate 5 gm., water 50 c.c., but Castro 
has suggested the addition of the alcohol, to restrain the swelling of the tissue.) 

(b) Wash rapidly in water and refix in ammoniated alcohol (absolute alcohol 
50 C.C., ammonia, 4 drops) for twenty-four hours. 

(c) -(f) as before. 

Variant i. In certain cases it is advantageous to increase the quantity 
of alcohol in the fixative. Good impregnation of terminations in muscles 
in crayfish was obtained by fixing in: 


Chloral hydrate. 

Absolute alcohol 

Distilled water 

Johnson, S. E. /. Comp. Neurol., 38: 299, 1925. 


5 gm - 
40 c.c. 

40 C.G. 
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Variant ii. Another formula which gave good results with crayfish is: 


Ghioral hydrate 5 gm. 

Pyridine 20 c.c. 

Absolute alcohol 40 c.c. 

Distilled water. 40 c.c. 


Variant iii. Castro gives a formula with urethane. Both urethane 
and chloral hydrate color at one time the nerve-fibers and the nuclei. 


Urethane 2 gm. 

Absolute alcohol 40 c.c. 

Distilled water 40-50 c.c. 


Variant lY. For terminal buttons in the spinal cord of cat, Daven- 
port^2 recommends: 

(a) Perfusion with 10 per cent chloral hydrate and fixation of pieces for one 
to two hours in 10 per cent chloral hydrate. 

(b) Pyridine 20-40 per cent for two days. He also uses this alone without 
previous fixation. If the blocks are left in chloral hydrate for twenty-four hours, 
ammoniated alcohol should be used as the refixer instead of pyridine. 

(c) Wash for two hours in distilled water, changing half-hourly. 

(d) Silver as before. 

(e) Wash 30 minutes. 

(f) Reduce in 20 per cent pyrogallol for five hours. 

b. Special Modifications of CajaVs Methods. 

( 1 ) For Calcified Tissues. Cajal and Castro^^ have devised several 
formulas for combining decalcification with fixation. 

(a) Cajal: 

(a) Fix and decalcify, usually one to two days, in 


Formol. 14 c.c. 

Distilled water. 86 cc. 

Nitric acid . . ..... . 3 c.c. 


(b) Wash carefully for one day and refix with ammoniated alcohol, or with 
a mixture of alcohol with pyridine (see Method v) for one day, 

(c) If alcohol and pyridine are used be careful to wash well before passing 
into the silver nitrate. If ammoniated alcohol is used mop off. 

(d) to (f) as before. 

(b) Castro. 

(a) Fix and decalcify in the following (until lime salts dissolve, one to two 
days): 

Chloral hydrate ... 5 to 6 gm. 

Absolute alcohol 25 to 40 c.c. 

Davenport, H. A. Stem Technology's: 143, 1933. 

^de Castro, F. Trav. Lab. Recher. Biolog. de la Univ. de Madrid, 23: 427, 1925, 
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Distilled water.... 4 ^ to 75 c.c. 

Nitric acid 3 

(b) Wash carefully, for twenty to twenty-four hours, and refix in ammoniated 
alcohol (4 to 5 drops of ammonia in 50 c.c. absolute alcohol) one day. 

(c) to (f) as before. 

(c) Castro, 

(a) Fix and decalcify in: 

Urethane 2 gm. 

Absolute alcohol 4t> to 60 c.c. 

Distilled water 4 ^^ t:.c. 

Nitric acid 3 c.c. 

(b) Wash carefully. 

(d) to (f) as before. 


(2) For Fish Brains* 

Bartelmez,^^ using Salmo and Ameiurus, fixed larval heads or brains 
of adults in acetic alcohol. For larval forms, a mixture of 10 parts of 
absolute alcohol with 1 part of glacial acetic acid gave the best results. 
For adults he fixed in 


Absolute alcohol 19 parts Absolute alcohol 19 parts 

Glacial acetic acid 1 part Glacial acetic acid. . 2 parts 

Chloroform. 10 parts 

Fixation for twenty minutes is usually sufficient; it should not be 
more than one and one-half hours; otherwise the material becomes too 
brittle. Rinse in 80 per cent alcohol, followed by distilled water, and 
then place in the silver nitrate solution, in the dark, at 35 to 40'^c. The 
solution is changed each day, and the strength altered thus: first day 1 
per cent silver nitrate; second day 1.5 per cent; third day 2 per cent; 
fourth day, 1 per cent again, and repeating as before, never going above 

2 per cent silver nitrate. The total time in the silver baths varies from 

3 to 8 days, usually best at four to five days, when the material becomes 
brown. Further treatment as in Cajal Method 1. This gives a prepara- 
tion showing some cells in every nucleus stained with all their processes 
including the axon; and in many, the endings of the eighth nerve in 
the internal ear were well shown. 

(3) For Large Blocks. 

Gurdjian®^ has found the Cajal methods applicable to relatively 
large blocks. By the following modifications it was possible to impreg- 
nate successfully a whole brain stem of a seventeen-year-old boy, brain 
stem of a large adult dog, adult rat brains, pigeon brains, etc. To insure 
more rapid and uniform fixation the blood vessels of the part may be in- 

^* Bartelmez, G. W. /. Comp. iVewroZ., 25: 87, 1915. 

Gurdjian, E, S. /. Comp. Neurol., 4$: 1, 1927. 
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jected with the fixing fluid, but this is not necessary with brains of 
albino rats or others of similar size. 

(a) Fix in mixture of 100 parts of 95 per cent alcohol, with 1 part of con- 
centrated ammonia for ten to twenty days (change daily). Mop before putting 
into a mixture of 100 parts of 95 per cent alcohol, and 2 to 5 parts of chloral 
hydrate. Leave for three to five days (changing daily). Rinse in distilled water. 

(b) Place in ammoniated alcohol again, two to three days (two or three 
changes). 

(c) Mop. 

(d) Silver in 0.75 per cent solution, for two to four weeks in the dark, at 
about 30 °c. (change twice a week), 

(f) Reduce for a week to ten days, or longer if necessary in: 


Pyrogallic acid. . . 5 gm. 

Formol 5 c.c. 

Distilled water. 100 c.c. 


(4) For Frozen Sections. 

(a) By the use of a protective colloid in the reducing agent, Liesegang 
was able to adapt the Cajal method for frozen sections. 

( a ) Fix in 12 per cent formol and make frozen sections. 

(d) Silver in 0.75 silver nitrate, for some hours until they become brown. 


(f) Reduce for a few seconds in: 

Hydroquinone, 0.5 per cent aqueous solution 1 part 

Silver nitrate, 0.75 per cent aqueous solution 1 part 

Gum arabic, 50 per cent aqueous solution 1 part 


Wash, mount, dry with filter paper. Dehydrate in 95 per cent and absolute 
alcohol, clear in xylol and mount in balsam or damar. 

All manipulations should be done with glass hooks. 

{h) CajaVs^^ modification. By this method are colored intensely the 
arborizations of the basket cells around the Purkinje cells, and the mossy 
and climbing fibers of the cerebellar cortex, the calyces of Held in the 
nucleus of the trapezoidal body and the terminations in the ventral 
ganglion of the acoustic nerve. 

( a ) Blocks from large brains, or entire small brains are fixed in 20 per cent 
formol for three days or more. Pieces which have been in the fixative more than 
a year still give good results. Cut frozen sections at 30-40/^. Wash for several 
minutes in distilled water. 

(d) Place sections for four to six hours in the following mixture: 


Silver nitrate, 2 per cent . . . 12 c.c. 

Pyridine, pure (e.g. Kahlbaum) 7~io drops 

Alcohol 97 per cent . 5-6 c.c. 


The sections become light brown in color. This reaction takes place at the 
room temperature, but is more rapid and certain in the oven. 

Cajal, S. Rambn y. Trav. Lab. Recher. Biol. Vniv. de Madrid, 24: 217, 1926. 
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(e) Rapid passage, two to four seconds' duration, through absolute alcohol, 
8 to 10 C.C., in a glass or porcelain disk. In order to avoid excessive extraction 
of the nitrate, only s or g sections should be passed through at one time. 

(f) Reduce one to three minutes in the following mixture, which may be 
kept in a stock bottle. 


Hydroquinone . 0.30 gm. 

Distilled water yo c.c. 

Formol 20 c.c. 

Acetone 15 c.c. 


Wash in a large quantity of water. 

It is best to tone the sections in gold chloride, as in Method i. 

(c) O. Schiiltze's method. P. Stohr, used the following method 
in his study on the sympathetic system. Slight variations in strengths of 
solutions are used for other regions. 

(a) Fixation in 10 per cent formol, not longer than six months. Cut frozen 


sections 30-40^1. 

(b) Refix for twenty-four hours in: 

Sodium hydroxide 0.8 gm. 

Distilled water 100 c.c. 

(c) Wash two hours. 


(d) Silver for twelve to twenty-four hours in a 10 per cent solution. 
(f) Reduce a few seconds to one minute in: 


Hydroquinone 2.5 gm. 

Distilled water . 100 c.c. 

Formol 5 c.c. 


Wash in two changes of distilled water, 96 per cent alcohol, clear and mount. 

(5) For Sections Mounted on the Slide. This is useful when more 
than one technique is desired from one block of tissue. 

{a) Davenport^^ uses the following procedure: 

(a) Fix in formol. Blocks are imbedded in either paraffin or collodion. 
Paraffin sections are passed through xylol, absolute alcohol, alcohol-ether and 
2 per cent collodion. The collodion sections are mounted on slides with egg- 
albumen and plunged into a 2 per cent solution of collodion. When the edges 
of the original collodion sections soften, the slide is removed, drained, inverted 
and tilted back and forth so that the coating will form evenly. It is then al- 
lowed to rest face up until the coating hardens. The slide is then placed in 80 
per cent alcohol for a few minutes. 

(d) Silver for one to four days at 37° to 40°c. in 10 gm. of silver nitrate dis- 
solved in 10 c.c. of distilled water to which are added 90 c.c. of 95 per cent 
alcohol and 0.5 c.c. of 7 per cent nitric acid. 

Some tissues require more acid. If too little acid is used the differentiation is 

Stohr, P., Jr. Mikr. Anat. des Veget. Nervensystems. Berlin, 1928. 

Davenport, H. A. Rec., 44: 79, 1929. 
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not good. The time in this bath can be judged by the appearance of a light 
tint in the tissue. Direct sunlight or long exposure to direct daylight should be 
avoided. 

(e) Wash in 95 per cent alcohol. 


(f) Reduce in: 

Pyrogallol 5 gm. 

Neutral formol 5 c.c. 

Alcohol, 95 per cent 100 c.c. 


To keep down the formation of precipitates in the reducer a few drops of 
corn syrup, diluted with two to three parts of water, are added from time to 
time. The time in the reducer may be a minute or longer and should be con- 
trolled under the microscope- Further reduction will take place in the alcohol 
to which the tissue is taken prior to removal of collodion. 

(b) Foot^^ also offers a modification of Cajal for sections on the 
slide: 

(a) Fix for twenty-four hours in Carnoy’s fluid (p. 466). 

Imbed, section, mount on slides and deparaffinize. 

(b) Refix for twelve hours in: 

Pyridine 2 parts 

Glycerine 1 part 

(c) Wash. 

(d) Silver in 10 per cent aqueous solution of silver nitrate for twelve hours on 
the incubator. 

(e) Wash in two changes of distilled water. 

(f) Reduce for twenty minutes in 100 c.c. of 5 per cent neutral formol con- 
taining 0.5 gm. of pyrogallol. 

Wash in tap water and tone in 1:500 aqueous gold chloride for five minutes. 
Reduce the gold by immersion for five minutes in 100 c.c. of 1 per cent neutral 
formol to which are added 2 gm. of oxalic acid. Wash in tap water and fix 
for five minutes in 5 per cent aqueous sodium thiosulphate. Wash, dehydrate, 
clear and mount. 

c. Biels chow sky's Silver Methods. 

The Bielschowsky procedure consists of: (a) fixation, usually in 
formol; (b) washing; (c) silvering; (d) washing; (e) treating with 
ammoniacal silver solution; (f) washing, and (g) reducing in formol. 
Variants in this procedure may be in the presence of a secondary fixation, 
the strength of the ammoniacal silver solution and the strength of the 
reducer. As a result of the reduction there follows a silver impregnation 
of the neurofibrils, axons and dendrites. Other structures, as fibers of 
connective tissue and neuroglia, may also be impregnated. Here as in all 
methods involving the reduction of gold and silver salts, the glassware 
must be physically and chemically clean, and the sections or blocks 

^®Foot, N. C. Am. J. Path., S: 769, 1932. 
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should be manipulated with glass rods, or with forceps having their 
points paraffin-coated. 

The methods are applicable to thin pieces of tissue (not over 1 cm. 
thick) which have been recently fixed in formol, and also to similar 
pieces taken from brains or spinal cords which have been preserved 
for a long time, as long as ten years, in formol. They succeed both on 
human tissues from autopsy and on animal tissues. They are therefore 
of great value to the neuropathologist. The method is also valuable for 
motor and sensory nerve-endings, including those in the organs of spe- 
cial sense. The impregnation may be carried out either with frozen or 
paraffin sections, or with blocks of tissue which are later imbedded and 
sectioned in paraffin or collodion. The sections are always toned in 
gold chloride before being mounted. 

a. For Blocks of Tissue. These methods permit serial sections. 

(1) Without Secondary Fixation. 

(a) Fix in 20 per cent neutral formol. Thin pieces cut from brains already 
fixed in formol may be used. Wash an hour or more. 

(c) Silver in 2 per cent aqueous solution of silver nitrate in the dark, at 
room temperature for one to eight days according to the size of the blocks. 

(d) Rinse in distilled water. 

(e) Treat with ammoniacal silver solution for one and one-half to six hours 
with one change. This solution is made up as follows: 

To 10 c.c. of 10 per cent aqueous solution of silver nitrate, 5 drops of 40 
per cent sodium hydroxide are added. The precipitate thus formed is nearly all 
dissolved by the addition of concentrated ammonia drop by drop, the solution 
being well shaken after each drop is added. Distilled water is then added to 
bring the quantity up to 20 c.c. This solution must be made up just before 
using. Immediately after using the dishes should be thoroughly cleaned and 
kept for this mixture only. Ammoniacal silver when dry is highly explosive. 

(f) Rinse in distilled water. 

(g) Reduce in 20 per cent neutral formol twelve to twenty-four hours. 

The blocks are then washed in distilled water, dehydrated in graded alco- 
hols, quickly imbedded in paraffin, sectioned and deparaffinized. 

From water the sections are toned for ten to thirty minutes in: 


1 per cent aqueous gold chloride. 2-5 drops 

Distilled water 10 c.c. 

Glacial acetic acid. 2-3 drops 

Wash quickly in distilled water. 


Fix in a 5 per cent solution of sodium thiosulphate for thirty to sixty seconds. 
Wash thoroughly in running w^ater for several hours, dehydrate, clear in carbol- 
xylol (1:10) and mount in balsam. 

Variant i. Agduhr gives a modification of this method which has 
been used successfully by many investigators. 
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(a) Fixation in 50 per cent formol, five days or longer, 

(b) Wash thoroughly in distilled water. 

(c) Silver in a 3 per cent solution for six days. 

(d) Wash one hour in distilled water with many changes. 

(e) Treat for twenty hours with ammoniacal silver oxide made up as be- 
fore in the following concentrations: 


10 per cent silver nitrate 10 c.c. 

25 per cent sodium hydroxide 20 drops 

Distilled water 200 c.c. 


Ammonia drop by drop until nearly all the precipitate disappears. 

(f) Wash for one hour in distilled water to which have been added 10 drops 
of acetic acid to each 100 c.c. Wash one hour in pure distilled water. 

(g) Reduce in 50 per cent formol, one to four days, renewed daily, and pro- 
ceed as before. 

(2) With Secondary Fixation (Pyridine) . 

(a) Fix for at least one week in 10 per cent formol. 

(b) Wash in running water four to six hours. Refix in pure pyridine three 
to four days. Wash in running water twelve to twenty-four hours, then in dis- 
tilled water twelve to twenty-four hours. 

(c) Silver in 3 per cent solution, three to five days at 36 °c. 

(d) Rinse in distilled water. 

(e) Treat for twenty-four hours with ammoniacal silver made up as in 
Method I in the following concentrations: 


10 per cent silver nitrate. 10 c.c. 

40 per cent sodium hydroxide 5 drops 


Ammonia drop by drop until precipitate disappears and two drops in excess. 
Distilled water up to 10 c.c. 

(f) Wash in many changes of distilled water fifteen minutes to two hours. 

(g) Reduce in 10 per cent neutral formol, ten to twelve hours, wash in 
distilled water and proceed as before. 

b. For Sections. 

(1) Frozen Sections. 

(a) Fix in 10-20 per cent neutral formol. 

(b) Wash an hour or more in running water. Prepare frozen sections as thin 
as possible compatible with handling, wash in distilled water (one to two hours) 
with several changes. 

(c) Silver in 2 to 3 per cent solution for twenty-four to forty-eight hours. 

(d) Rinse quickly in distilled water. 

(e) Treat for ten to twenty minutes, until the sections are deep brown, in 
ammoniacal silver solution made up as for pieces without secondary fixation: 
Further treatment is the same as before. 

(2) Deparaffinized Sections on the Slide. This offers the opportu- 
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nity of using more than one stain on the same block. Rogers^o gives a 
number of variants of his own method which is a combination of Gajal 
and Bielschowsky techniques. The following variant gives consistent re- 
sults with amphibian material, 

(a) The blocks are fixed in Bouin’s fluid or fornioL The sections are refixed 
for twelve hours or more in ammoniated alcohol (95 per cent alcohol, 100 c.c. 
and ammonia 2 c.c.). 

(b) Rinse in 80 per cent alcohol. 

(c) Silver for twenty minutes or longer in the dark in 40 per cent aqueous 
solution of silver nitrate. Clothes and body should be protected from this solu- 
tion. 

(d) Rinse in distilled water, and cover sections with 20 per cent formol for 
two to five minutes. 

(e) Drain off formol and cover slides with ammoniacal silver solution heated 
to 30° to 50° c., until sections turn a yellowish brown. The ammoniacal silver 
solution is made up by adding ammonia drop by drop to 4 c.c. of 20 per cent 
silver nitrate until the precipitate is formed and dissolved. Two drops of am- 
monia are added in excess and 4 c.c. of distilled water. 

The sections are then toned for ten to fifteen minutes in: 


Gold chloride 1 gm. 

Distilled water 300 c.c. 

Glacial acetic acid 60 drops 


Wash in distilled water. Fix in 5 per cent sodium hyposulphite for five min- 
utes. Wash in running water, clear and mount. 

Rogers also says the sections may be reduced in 20 per cent formol 
before toning. 

For nerve endings, he leaves the sections in the 40 per cent silver 
for three to five weeks, and carries out the reduction directly in 20 per 
cent formol, without the intermediate step of ammoniacal silver. 

Another variation is to leave the sections for thirty minutes in 0.5 
to 1 per cent aqueous solution of acetic acid before silvering for five to 
seven weeks. 

Foot^^ uses the Rogers's procedure after Carnoy's fixation and finds 
it applicable for demonstrating terminal nerve endings and non-medul- 
lated fibers in the central nervous system. His formula for Carnoy’s 
fluid is: 


Absolute alcohol . 6 parts 

Chloroform ... 3 parts 

Glacial acetic acid, added just before using. ............ . 1 part 

Rogers, W. M. Rec., 49; 8i, 1931. 

^^ Foot, N. C. dm. /. Path,^ 8: '769, 1932. 
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3. Internal Reticular Apparatus of Golgi (Golgi Net) . The mate- 
rial should be fresh, not more than two hours after death. Fetal and 
young mammalian tissues are preferable. The original Golgi method has 
been largely replaced by the following and other modifications. In suc- 
cessful preparations the Golgi net shows as a black network on a bright 
yellow background. 

CajaVs uranium-formol method, for Golgi net. 

1. Fix pieces 2 to 2i/^mm. thick for eight to twenty-four hours in the fol- 


lowing: 

Uranium nitrate 1 to 2 gm. 

Neutral formol, full strength 15 c.c. 

Distilled water 85 c.c. 


The duration of fixation should vary with the material; often in young ani- 
mals a few days old it is necessary to leave for twenty-four to thirty-six hours. 

2. Rinse in distilled water less than a minute. 

3. Transfer to 11/2 P^^ cent silver nitrate (if the pieces are very small, 0.75 
per cent) for thirty-six to forty-eight hours. 

4. Rinse for some seconds in distilled water. 

5. Reduce eight to twelve hours, in: 


Hydroquinone 1 to 2 gm. 

Neutral formol, full strength 15 c.c. 

Distilled water • • • • 85 c.c. 

Anhydrous sulphite of sodium 0.15 gm. 


6. Wash briefly in running water. Dehydrate in graded alcohols, leaving the 
pieces not more than one to two hours in the 90 per cent and absolute alcohols. 
Imbed in collodion or paraffin. 

Da Fano's modification is to use cobalt nitrate instead of uranium 
nitrate as the fixing agent, making it as follows: 


Cobalt nitrate 1 gm. 

Neutral formol 15 c.c. 

Distilled water. 100 c.c. 


The best coloration of the Golgi apparatus is obtained in the cat, dog 
and rabbit, in animals fifteen to twenty days old. By augmenting the 
quantity of the formol (up to 20 per cent) in the fixing fluid, as proposed 
by Penfield,^^ or by excluding the sodium sulphite in the reducer, splen- 
did coloration has also been obtained with adult tissues. The zone of 
useful reaction is always small (0.2 to 0.5 mm.) , for it is not possible to 
use pieces thicker than 3 mm. The sulphite is not a necessity, but it 
appears that a little alkalinity favors the coloration of the Golgi net. One 
may counterstain with hematoxylin or a basic aniline dye. 

*® Penfield, W. G. Anat, Record, 22: 57, 1921- 
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When the coloration is intense but somewhat granular one may try 
adding to the fixative ethyl or methyl alcohol, thus: 


Uranium nitrate • • i gm. 

Alcohol, ethyl or methyl c.c. 

Neutral formol 15 20 c.c. 

Distilled water Bo c.c. 


With this formula successful preparations show the Golgi net dark gray 
on a bright yellow background. 

The Kopsch method and others described under Cytological methods 
are equally useful here. 

4. Mitochondria. The methods used with the other tissues are ap- 
plicable also to the nervous system (p. 265) . The Champy-Kull method 
gives good results with mammalian nervous tissues (p. 269) . 

5. Glycogen. The glycogen in the nerve-cells may be fixed by al- 
cohol at any concentration from 67 per cent to absolute, but it is soluble 
in alcohol less than 67 per cent. Plenty of alcohol should be used, about 
50 times the bulk of the tissue. Material may be decalcified, after fixation 
in alcohol, with 3 per cent nitric acid in 67 per cent alcohol. Another 
fixing fluid is picric-alcohol, made of 500 c.c. of 67 per cent alcohol with 
1 gm. of picric acid. Leave in this fluid for twelve to twenty-four hours, 
in 67 per cent alcohol twelve to twenty-four hours, and in 82 per cent 
alcohol for a day or more. Imbed in paraffin or in combined paraffin and 
collodion, and cut sections at lO/x to 15^. 

Stain with iodine, A useful formula is: 


95 per cent alcohol 130 c.c. 

Distilled water 150 c.c. 

Iodine, crystals 1.5 gm. 

Potassium iodide 3 gm. 

Sodium chloride 1.5 gm. 


For staining spread the paraffin sections with the staining fluid instead 
of water, and leave for two to three minutes. If the paraffin is not melted 
off the sections may be restained at any time. Such preparations are 
useful only for low-power observation. They may be mounted in vaseline 
as follows: Stain without removing the paraffin, then dry for half an hour 
on top of the oven or in the air. When thoroughly dry, dissolve off the 
paraffin in xylol and cover with yellow vaseline. It is best to seal around 
the margin of the cover glass with shellac. The stain lasts two to ten years. 
The sections may also be mounted with heated balsam, without covers. 
This is better for study with the highest powers of the microscope, but 
the stain does not last as long as with the vaseline (Gage).'^'^ 

^®Gage, S, H. /. Comp. AewraZ., 27: 451, 1917. 
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6. Trophospongium of Holmgren. Several methods may be used. 

Ross, studying nerve-cells of the abdominal ganglia of the crayfish 

(Camharus) used Bensley’s acetic-osmic-bichromate acid fuchsin method, 
or fixed in Zenker’s fluid and stained with Mallory’s connective tissue 
stain. 

Penfield,^^ to show that the trophospongium and the internal reticu- 
lar apparatus of Golgi were separate structures, stained the former with 
iron hematoxylin. 

7. Centrosomes. For the demonstration of centrosomes in the 
nervous system, several methods are used. Flemming’s fixing solution or 
Allen’s chromic-urea modification of Bouin’s fluid followed by Heiden- 
hain’s iron hematoxylin is especially good. 

Hatai^^' demonstrated their presence in certain nerve-cells of the 
albino rat. In addition to other methods, he devised one of his own which 


gave him good results: 

Mercuric chloride, saturated solution in formol 30 c.c. 

Glacial acetic acid 50 c.c. 

Physiological salt solution 15 c.c. 


After six to twelve hours’ fixation, the thin pieces were washed in 
running water for four to five hours, transferred to 30 per cent alcohol, 
and then by graded alcohols were dehydrated and imbedded in paraffin. 
For staining he used toluidine blue or thionin in saturated aqueous 
solution; cleared in xylol, mounted in balsam. By this method centro- 
somes were shown in the large pyramidal cells of the cerebral cortex, 
Purkinje cells and spinal ganglion cells of the adult albino rat, and also 
in the ventral horn cells of the spinal cord and in the cells of the nucleus 
dentatus of the newborn rat. 

Rio-Hortega^’^ has successfully applied to the study of centrosomes 
the neuroglia stain with tannin-ammoniacal silver, which he terms his 
“first variant of the method of Achucari'o” (p. 509) . 

8. Pigment. The endogenous pigment in nerve-cells is usually of a 
bright golden color, in the form of granules, generally massed in one 
region of the cell-body, and is readily recognized by its natural coloration. 

VIII. Normal Myelin Sheath 

I. Weigert’s Myelin-sheath Methods. These methods are used 
principally on formol fixed tissues of the central nervous system to dem- 
Ross, L. S. /. Com/?. 25: 523, 1915. 

Penfield, W. G. Brom, 43: 290, 1921. 

*®Hatai, S. /. Comp. Neurol., 11: 25, 1901. 

Rio-Hortega, P. Trah. Lab. Investig. Biolog. XJniv. de Madrid, 14: 117, 1916. 
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onstrate the fibei'-tracts and to show the arrangement of the gray and 
white matter. Proper fixation and mordanting are necessary for the suc- 
cess of the staining. The nervous tissue, either in the form of the entire 
brain or cord or small portions of them, or of short pieces of peripheral 
nerves, is fixed in lo per cent formoL The duration of fixation for small 
pieces is a week or more; for the enthe human brain one to two months 
or longer. If the tissues are to be set aside for further preparation at a 
later time it is best to keep them in neutral lo per cent formol. 

The following modification has been found useful on both human 
and animal tissues. This requires the employment of four special solu- 
tions: the primary mordant (a) , the secondary mordant (b) , the hema- 
toxylin stain (c) and the differentiating fluid (d) made respectively as 
follows: 


A. Primary mordant (Weigert’s rapid mordant) 

Potassium dichromate . 5 gm. 

Fluorchrome (CrFa^HgO) 2 gm. 

Distilled water (boiling) 100 c.c. 

B. Secondary mordant (copper mordant, Weigert’s neuroglia mordant) 

Copper acetate 5 gm. 

Acetic acid, 30 per cent or 36 per cent ............... 5 c.c. 

Fluorchrome 2.5 gm. 

Distilled water 100 c.c. 

In making this solution, boil the fluorchrome and water in a covered vessel, 
turn off the gas, add the acetic acid, then the copper acetate, stir briskly until 
the latter is dissolved and allow to cool. The solution remains clear, 
c. Hematoxylin stain 

10 per cent solution of hematoxylin in abs. ale. (stock sol.). 10 c.c. 
Lithium carbonate (saturated aqueous sol.) ...... ... ..... i c.c. 

Water . . . . go c.c. 

It is very important that the stock solution of hematoxylin should be well 
ripened (two months or more, six months preferably), but the staining fluid 
should be made up just before using. 

D. Differentiating fluid 

Potassium ferricyanide 2.5 gm. 

Sodium biborate (borax) 2.0 gm. 

Distilled water . .......... 100,0 c.c. 


After fixation the blocks of tissue are washed in running tap water 
overnight, before being placed in the primary mordant. Here they remain 
one week or longer, depending upon their size. After washing they are 
passed into the secondary mordant for one to several days. The blocks 
are then washed in water, dehydrated in graded alcohols and imbedded 
in collodion. Sections are usually cut at 25/x to 50;^. They are then placed 
in the staining solution overnight (twenty to twenty-four hours) where 
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they become a dense blue-black color. After staining the sections are 
washed thoroughly in several changes of tap water, and left in the water 
overnight. They are then placed in the differentiating fluid and the de- 
colorizing process watched. The color gradually leaves the gray matter, 
but is retained in the myelin sheaths of the white matter, so that the dis- 
tinction between the gray and the white matter becomes more and more 
distinct. The time for this process is usually between twenty minutes and 
an hour. The differentiation is stopped by transferring the sections to 
water. 

After differentiation the sections are to be thoroughly washed in tap 
water (several changes and leave overnight) , dehydrated in alcohols, 
cleared in carbol-xylol followed by xylol, and mounted in balsam. 

Variant i. Paula Meyer^^ in Edinger’s laboratory used potassium 
bichromate without fluorchrome as a primary mordant and cut sections 
before the secondary mordant. Sections were stained overnight or twenty- 
four hours, in Weigert’s iron hematoxylin, prepared as follows: 


Distilled water 90 c.c. 

10 per cent solution of hematoxylin in abs. ale. (ripened). . 10 c.c. 
Solution of ferric chloride, u.s.p 4 c.c. 


After differentiating the sections were placed in lithium carbonate, 
changed repeatedly for twenty-four hours. The myelin sheaths are stained 
black, whereas with the lithium hematoxylin they are stained blue. 

Variant 11. For brains of albino rats Craigie^" found more satisfactory re- 
sults with an earlier form of the method. Fixation was in Muller’s fluid, which 
was renewed two or three times during the first week, and then left unchanged 
in the dark for two months or more. The tissue was then placed in distilled 
water for several hours before dehydrating and imbedding in paraffin. The 
sections were affixed to the slide by the water-albumen method, and when dry 
were passed through xylol and absolute alcohol, and then coated with a layer 
of very thin collodion (0.5 per cent). This film hardens quickly in the air. The 
slides were then passed down through graded alcohols to water. Mordanting was 
effected by placing the slides upside down (supported on small pieces of glass) 
in a half-saturated solution of copper acetate, at above 35°c., overnight. After 
rinsing in distilled water they were stained for four to six hours, in lithium- 
hematoxylin, the slides being horizontal with the sections underneath again. 
After washing they were differentiated with the borax-ferricyanide solution. They 
were then washed in running water for twenty-four hours, dehydrated, cleared 
and mounted in Canada balsam. 

^ Meyer, V. Neurol. Centralb., No. 7, 1909. 

Craigie, E. H. The Finer Anatomy of the Central Nervous System of the Albino 
Rat. Toronto, 1925. 
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Variant iii. Pal-Weigert Method, Modified. The following method 
is one used at the Netherlands Central Institute for Brain Research, 
Amsterdam, by Dr. Ariens Kappers, and is applicable both to human 
and comjDarative material. With the Pal variation the differentiation be- 
tween the myelinated fibers and the surrounding tissues may be carried 
to a greater degree than in the original methods of Weigert. For some 
purposes this is desirable, but for others it may not be an advantage. 
In the original Weigert the cell-bodies are brownish in color and in a 
general survey of a region, this adds to the completeness of the picture. 

Fixation is in lo per cent formol, one week or longer. This is followed by 
immersion in 3 per cent potassium dichromate solution (primary mordant) for 
one to four weeks, according to the size of the blocks. The tissues are then 
washed well in running water, dehydrated in graded alcohols, imbedded in 
collodion and cut at 251U to 75^. If the sections are being kept serially they should 
be converted into films at this stage on large slips. The individual sections or 
films are then placed for one to two hours in 100 c.c. of 0.5 per cent chromic 
acid to which Has been added 1 c.c. of 1 per cent solution of osmic acid (sec- 
ondary mordant). Rinse sections in water briefly, and stain twelve to twenty-four 
hours in the following hematoxylin stain (Kultschitsky’s hematoxylin) freshly 
made up: 


Ripened 10 per cent solution of hematoxylin in abs. ale.. . 10 c.c. 

Acetic acid, glacial 1 c.c. 

Distilled water 100 c.c. 


This solution may be used either cold or warm. If kept in an incubator at 
not over 37 °c. the color becomes very intense, but the drawback is that the sec- 
tions tend to become brittle. 

Wash in water until the color ceases to come out (not more than an hour 
is necessary), then begin the differentiating process. Immerse in 0.5 per cent 
potassium permanganate in water for thirty seconds, rinse in water, and pass 


into the following solution (Lustgar ten’s): 

1 per cent potassium sulphite, in distilled water . 100 c.c. 

1 per cent oxalic acid, in distilled water 100 c.c. 


Mix the two solutions just prior to use. The differentiation must be watched 
closely, for it may proceed very rapidly, usually requiring not more than five 
minutes. The sections may be taken out before the differentiation is complete, 
and after washing briefly in water, place them again in the permanganate solu- 
tion for thirty seconds, rinse and then place in the Lustgarten solution as before. 
By this process the background of gray matter is bleached out while the white 
matter stands out in strong contrast with its dark blue color. It is important not 
to leave too long in the permanganate solution, for the staining depends on the 
presence of potassium dichromate, and if this is removed it cannot be replaced, 
even by a renewed treatment with potassium dichromate. For this reason it is 
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better to keep the sections in the differentiating fluids for a short time only, and 
to repeat the processes even several times, in order to control the reactions. 

The sections, after being rinsed in tap water, are then transferred to distilled 
water, to which has been added a little lithium carbonate (water 500 c.c.; sat. aq. 
lith. carb., 1 c.c.) where they remain for twenty minutes; or they may be left 
overnight. Dehydrate in graded alcohols, clear in carbohxylol followed by xylol 
and mount in balsam. 

Variant iv. Smith and Quigley^® have developed a rapid method for 
staining myelin sheaths in sections. It is applicable to frozen, paraffin 
or collodion sections of normal or pathological material. The myelin 
sheaths are stained a deep blue and the background is either colorless 
or slightly tinted, depending upon the degree of differentiation. The 
structure of the cell nuclei is clearly shown. 

(1) Mordant sections for fifteen minutes in 4 per cent aq. sol. of ferric am- 
monium sulphate (FeNH^ 

(2) Rinse briefly in 70 per cent alcohol. 

(3) Place sections in the following fluid, which first stains then differentiates: 


10 per cent hematoxylin in absolute alcohol 10 c.c. 

Distilled water 88 c.c. 

Glacial acetic acid 2 c.c. 


The 10 per cent hematoxylin solution may be either freshly made or older, 
but preferably not over three months old. 

Keep around 55 °g. until the proper degree of differentiation occurs; usually 
between thirty and sixty minutes are required, depending upon the thickness of 
sections. A convenient method of warming the staining-differen dating fluid is 
to place it in a Petri dish on a slide warming table. 

(4) Place in a saturated aqueous solution of lithium carbonate for three 
minutes. 

(5) Rinse briefly in tap water. Counterstain if desired, dehydrate, clear and 
mount. 

2. Iron Hematoxylin Myelin Stain. This method of staining mye- 
lin is especially useful on old formol-fixed material, which may be 
refractory to other methods, but is applicable also to fresh material fob 
lowing nearly any fixation. It is also useful when more than one stain is 
desired from the same block. The Morgan^^ procedure is as follows: 

(1) Fix parts of central nervous system in formol, alcohol-formol, alcohol, 
Bouin’s, Carnoy’s, Flemming’s, etc. Dehydrate, imbed in either paraffin or collo- 
dion, and section. 

(2) Mordant sections two hours or less in 4 per cent aqueous solution of iron 
alumferric ammonium sulphate [Fe NH4(S04)2]. 

Smith, W. K., and Quigley, B. Pers. comm. 

Morgan, L. O. Anat. Record, $2: 1926. 
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(3) Stain three to eight hours in: ripened 10 per cent solution of hematoxylin 
in absolute alcohol, 5 c.c., distilled water, 95 c.c. 

(4) Destain in 2 per cent iron alum for a few minutes until the larger fiber 
tracts become well outlined. 

(5) Rinse in tap water. 

(6) Complete the differentiation in 0.5 per cent hydrochloric acid; in a few 
seconds the background becomes colorless and the fibers well differentiated. 

(7) Wash the sections in running water, for at least an hour, to remove the 
acid and alum. 

(8) (Gounterstain with well-ripened neutral red, if desired.) 

(9) Dehydrate, clear in xylol and mount in balsam. 

In successful preparations the myelinated fibers are stained a dark 
blue, while the background is clear and white. In destaining with the 2 
per cent alum, the process should be stopped by placing the sections in 
tap water before all the blue of the hematoxylin has been extracted from 
the background; and the treatment with the hydrochloric acid should be 
very brief and should be carefully watched. When the proper stage has 
been reached the decolorizing is stopped by transferring the sections to 
tap water. 

The Weih"^^ procedure may be used for sections imbedded either in 
paraffin or collodion, but the best results are obtained with loose collo- 
dion sections, cut at 25 or 30 microns. If sections are not to be stained 
immediately after cutting, they should be stored in 50 per cent alcohol. 

(1) Wash in distilled water. 

(2) Mordant in a 5 per cent aqueous solution of potassium dichromate from 
five to ten minutes. Freshly imbedded material does not require mordanting. 
Old iormol-fixed material or sections which have been in alcohol for a long 
time must be mordanted. 

(3) Rinse in tap water, two changes. 

(4) Stain for fifteen to thirty minutes according to thickness of sections in 


the following solution in the oven at 5o°c.: 

4 per cent aqueous solution of iron alum 50 c.c. 

1 per cent solution of hematoxylin 50 c.c. 


The hematoxylin is made up by adding 45 c.c. of distilled water to 5 c.c. of 
10 per cent solution of hematoxylin dissolved in absolute alcohol (we use 
freshly dissolved hematoxylin). Do not filter this stain. 

(5) Wash twice in tap water. 

(6) Differentiate in a 4 per cent aqueous solution of iron alum until the 
gray matter and degenerated areas can be just distinguished. 

(7) Wash three times in tap water. 

A. 1933. Pers. comm. 
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(8) Complete the differentiation in one-half strength Weigert's differentiating 
fluid (p. 470)* 

(9) Wash twice in tap water. 

(10) Place sections in ammonia ted tap water for thirty seconds: water 100 ex., 
concentrated ammonia 6 drops. 

(11) Wash twice in tap water, dehydrate in 95 per cent alcohol and absolute 
alcohol, clear in xylol and mount. 

This method has been used successfully on serial collodion sections 
affixed to the slide. The nuclei may stain, but they do not interfere with 
the picture. 

3. The osmic acid methods described under isolation of the nerve 
fibers may also be used for the study of the myelin sheath. 

IX. Degenerating Myelin Sheath 

I. Marchi Method. When a nerve-fiber is cut across or severely 
injured, the degeneration of the distal portion of the axon is accompanied 
by changes in chemical constitution and structural form of the myelin. 
The myelin loses its uniform distribution and becomes aggregated into 
little globules of varying sizes, along the neurokeratin framework. At 
the same time appears an acid, oleic acid, which stains readily with osmic 
acid. By using a solution containing potassium dichromate before, or at 
the same time as, the osmic acid a differential staining reaction on nor- 
mal and degenerating myelin is obtained. The normal myelin is quickly 
oxidized by the potassium dichromate, and thus cannot be oxidized by 
the osmic acid. The normal myelin therefore remains unstained, while 
the fatty acid of the degenerating myelin is blackened. 

Summary of Marchi Method. 

(1) Fix blocks of tissue in 3 per cent potassium dichromate for three weeks, 
changing several times. The time required may vary from one to five weeks. 

(2) Cut out the parts desired, 2 to 3 mm. thick, and place directly in the 
Marchi fluid for one to three weeks, renewing the solution weekly. 


3 per cent potassium dichromate 2 parts 

1 per cent osmic acid 1 part 

Keep this solution tightly covered. 


(3) Wash in running water twenty-four to forty-eight hours, dehydrate and 
imbed in collodion. Cut sections 20 to 50ft, according to purpose, and mount 
in balsam with or without a coverglass. Carbol-fuchsin, safranin or van Gieson's 
stain may be used as a counterstain. 

The degenerating myelin shows as black dots and flakes on a yellow- 
ish or brownish background of normal fibers, neuroglia and nerve cell 


MICROSCOPICAL TECHNIQUE 


476 

bodies. Besides the black particles of the degenerating myelin, an irregu- 
lar precipitation may also occur, and it is necessary to be on one’s guard 
in interpreting the appearances. Special care must be taken in handling 
and removing the fresh tissues, lest the degenerating myelin be displaced. 

As the process of degeneration is a progressive one, ending in total 
degeneration or regeneration, there is a limited time during which the 
myelin droplets are most numerous. Usually the material is taken be- 
tween the tenth and the twenty-fifth day in mammals, and between 
thirty and forty days in cold-blooded animals. 

Mettler^^ uses the following procedure on the brains of rabbits, cats 
and dogs. The animal is killed by illuminating gas and bled from the 
heart. The brain is exposed and immersed in situ in 50 per cent neutral 
formol, twenty-four hours, after which time pieces 4 mm. are cut out 
and placed in an abundance of 3 per cent potassium dichromate for two 
weeks in the dark. The potassium dichromate should be aged for three 
months, but should not be a green color. The solution should be changed 
when it becomes discolored. All further steps until the tissue is imbedded 
are carried out in the dark. 

The tissue is rinsed and placed in ample March! fluid made up of 
four parts of 3 per cent potassium dichromate and one pai't of 1 per 
cent OvSmic acid. More osmic acid should be added if the odor disap- 
pears and the solution should be changed if it turns black. Leave here 
for two to three weeks. The tissues are then washed one to two days, 
depending on their size, dehydrated and imbedded. 

Swank and Davenport^^ recommend for the spinal cord and medulla 
of cat and rabbit, fixation in 100 c.c. of 10 per cent neutral formol to 
which has been added 1 gm. of potassium chlorate, for forty-eight hours. 
Without washing, the tissues are placed directly in the Marchi fluid, with 
or without the addition of 2 per cent acetic acid for one week. 

Papez and Freeman^^ use the simple procedure of fixing in formol 
overnight, cutting out pieces and refixing them in 3 per cent potassium 
dichromate for ten days, after which time an equal amount of 1 per cent 
osmic acid is added to the solution and the tissue left there for ten days. 

X. Methods for Nerve Endings 

Nearly all the silver methods described under the methods for dem- 
onstrating neurofibrils (Cajal, Bielschowsky) impregnate the peripheral 

®MettIer, F, A. 5/am T^r/ino/og)), 7: 95, 1932. 

^^*Swank, R. L., and Davenport, H. A. Tec/zno/og)j, 9: 129, 1934. 

Papez, J. N., and Freeman, G. L. J. Comp. NeiiroL, 409, 1930. 
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nerve endings. For the best results material should be fresh and prefer- 
ably from young animals. 

Gold Chloride Method. For many years gold chloride has been used 
to demonstrate the motor nerve endings in striated muscle, the myenteric 
plexus of the intestine, the nerves of the cornea, etc. 

Garven^® employed the modification of Ranvier’s gold chloride 
method as used in Golgi’s laboratory. It is successful with motor nerve 
endings in striated muscle. It is advisable to use short muscles, as the 
intercostals of small animals. 

(1) Immerse small pieces in 25 per cent aqueous solution of pure formic acid, 
for ten to fifteen minutes. Use only enough solution for the complete immersion 
of the pieces. The pieces should be teased a little in the solution. 

(2) Take pieces from the acid solution and place on a clean folded towel or 
duster, cover the pieces with another fold of the towel, and press gently to absorb 
as much acid as possible. 

(3) Transfer to 1 per cent solution of gold chloride, just sufficient to cover 
the pieces, for twenty minutes at most, shaking the pieces around in the dish 
several times. Keep dish covered with blue or yellow glass. No iron instruments 
must be allowed to come in contact with this or the subsequent baths; use either 
bone-pointed forceps or paraffin-coated points of metal ones. 

(4) Mop as in (2). 

(5) Transfer to 25 per cent formic acid, using just enough to cover the pieces, 
and keep in absolute darkness for twenty-four hours. 

(6) Mop as in (2). 

(7) Preserve in pure gylcerin. 

Nerve fibers are intensely purple or black. Good preparations keep 
five years or more, becoming clearer with time. Cleanliness as to dishes 
and instruments is important. 

Intra-Vitam Methylene Blue Method. This was introduced by Ehr- 
lich and has been used by many investigators. The composition of the 
dye is very important in attaining good results. It is believed that the 
purer the methylene blue, the more successfully it can be used for vital 
staining. The U.S.P. zinc-free methylene blue is always recommended,^'^ 
and it is best to specify dye certified by the Commission on Standardiza- 
tion of Biological Stains. The method is much more applicable to the 
staining of the peripheral ganglia (spinal, cerebral, sympathetic, para- 
sympathetic) , peripheral nerves and nerve endings than to the staining 
of the elements of the central nervous system, although the latter may 
also be stained by this method. 

The diluted stain is applied directly to the fresh tissues. This may be 

Garven, H. S. D. 5 ram, 48: 380, 1925. 

Biological Stains. Geneva, N. Y., 65, 1929. 
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done in several ways: (1) by moistening thin pieces of the excised tissue 
with the fluid, (2) by perfusing the blood vessels of the whole animal 
or of the region desired, (3) by injecting into the natural cavities of the 
body, as into the peritoneal cavity, into the pleural cavity or into the 
lungs through the trachea, (4) by injecting into the loose connective 
tissues of the part to be examined. 

The dilution of the staining fluid varies with the material, the method 
of applying the stain and the purposes of the study. The time required 
for the staining is usually between fifteen and thirty minutes but may 
be as long as three or four hours, and has to be determined by trial. 

After the nerves are stained blue the tissues may be studied at once, 
but as the stain is transitory it is preferable to fix it so that the tissue 
may be imbedded and sectioned. Ammonium molybdate is used for the 
fixation of the stain in the tissue, using an 8 per cent solution in physio- 
logical salt solution or Ringer's solution, for one-half hour to overnight. 
The tissue is then washed in running water for an hour and dehydrated 
rapidly, in order to avoid losing the color. From the water the tissue is 
passed into 95 per cent alcohol for ten to sixty minutes, and then into 
absolute alcohol for one to two hours. 

In successful preparations the ganglion cells with their processes, 
myelinated and unmyelinated, and their end-arborizations are colored 
blue. Other tissues should be nearly colorless unless injured by pressing 
or cutting, in which condition they become deeply colored. Elastic fibers 
and connective tissue cells may assume a blue color, and may be then 
mistaken for nerve elements if the latter are not in evidence. 

The peculiarity of the reaction of the dye in this method is that the 
maximum staining lasts only a short time in the fresh tissue. This is 
explained by the fact that the blue compound becomes colorless when 
the oxygen content of the tissue becomes lessened. For this reason, when 
in a fresh preparation the color is seen to be fading, the color may some- 
times be restored by removing the coverglass and allowing the oxygen of 
the air to have access to the tissue. 

(1) Method by Local Application. 

(1) Place thin pieces of fresh tissue on a slip or in a shallow dish (the bottom 
of the latter may be covered with a thin layer of glass-wool on which the tissues 
rest) moistened with the staining solution, e.g., 1 part of methylene blue to 1000 
to 2000 parts of physiological salt solution. 

(2) Drop on enough staining fluid from time to time to keep the tissues moist, 
with a film of stain over them. 

(3) After fifteen minutes the tissues are examined with low magnification and 
jit short intervals thereafter until the nerves are colored blue. 
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(4) Fix the stain by placing the tissues in cold 8 per cent ammonium molyb- 
date solution made up with physiological salt solution or Ringer’s fluid. 

(5) After washing in cold water and dehydration the tissues may be either 

cleared in xylol and mounted in balsam or imbedded in paraffin and sectioned. 
The alcohols also should be cold and kept in the refrigerator, at several degrees 
above during the dehydration of the tissues. The sections may be lightly 

coimterstained. 

A variation of this was used by Cole/'’^ who immersed the entire 
digestive tube of the frog in a 1:1000 solution for one hour. Small seg- 
ments were then cut out, flattened between two slips and examined 
under low power. If the stain was not satisfactory the tissues were re- 
placed in the stain; if satisfactory, they were fixed in 8 per cent molyb- 
date in Ringer’s, for a half hour. The tissues were placed in a muslin 
bag and washed for an hour. The excess water was squeezed out on a 
towel and the tissues placed in ice-cold 95 per cent alcohol for ten min- 
utes, then in ice-cold absolute alcohol for ten minutes. They were cleared 
in xylol, if thin, or in cedar oil if thick, and mounted in balsam. 

Large pieces as of skin or thin membranes may be stretched and 
pinned to a flat piece of cork which is then floated inverted on the 
staining fluid. If the cork has a large opening made in it, the tissue 
may be kept on the cork while the differentiation is observed. 

(2) Method by Perfusion and Injection. 

(1) Insert a cannula into the heart or aorta, or into the main artery of the 
part to be examined. Inject the filtered dilute solution of the dye (for mamma- 
lian tissues 1 to 10,000 or even more dilute) until the part has a distinctly light 
blue color. 

(2) Leave undisturbed for a quarter of an hour, after which time thin pieces 
or slices of the tissue are removed and placed on a slip or in a dish moistened 
with the dye. 

(3) These are examined under a low power of the microscope, without cover 
glass every two or three minutes until the nerve cells, nerve fibers or nerve 
endings seem satisfactorily stained. 

(4) Fix the stain in 8 per cent ammonium molybdate, one-half hour to over- 
night, and continue as in the preceding summary. 

In the case of large fetuses, as of pig, the injection may be made 
through one of the umbilical arteries. Langworthy^>'^ used this method, 
after first washing out the blood with physiological salt solution. For the 
dye he used 1:2000 methylene blue, rendered slightly alkaline with am- 
monium hydroxide. The tongue was removed and thin slices cut with 
a sharp knife. The sections were spread out on slips and placed in an 

Cole, E. C. /. Comp. Neurol.^ 375, 1925. 

® Langworthy, O. K. J, Comp. Neurol., 36: 273, 1924. 


480 


MICROSCOPICAL TECHNIQUE 


observation warm-box (as used for examining tissue cultures) until the 
nerve endings appeared. The musculature of the tongue had to be sepa- 
rated in order to admit of free oxidation, and even then there were 
always large areas where the stain was not oxidized. 

For the study of the nerve endings in the lungs of rabbits, LarselF^ 
used warm 1:2000 methylene blue in Locke’s solution, or in 0.9 per cent 
NaCl solution, and filled the lungs through the trachea, or injected the 
fluid through the pulmonary vessels. The lungs were allowed to remain 
undisturbed in the thorax for ten minutes. The excess of fluid was al- 
lowed to run out of the lungs in the cases in which they had been filled. 
Then, after both methods of application of the stain, the lungs were 
alternately inflated and deflated with air through the trachea, at the 
rate of 12 to 15 times per minute. It was found that twenty to twenty-five 
minutes was the optimum time for continuing the oxidation of the stain 
in the lung tissue in this manner. 

The lungs were extirpated and filled with 8 per cent cold ammonium 
molybdate to which had been added 2 to 5 drops of 1 per cent ostnic acid 
per 100 c.c. of ammonium molybdate. They were immersed in a solution 
of the same composition and left in it overnight in the cold. After being 
washed in running tap water for one hour the lungs were filled with 95 
per cent alcohol and immersed in 95 per cent alcohol for an hour, the 
alcohol within the lungs being changed several times during the hour. 
They were next placed in absolute alcohol for several hours to over- 
night, to complete the dehydration. Suitable pieces were cut out, 2 to 4 
mm. thick, cleared in xylol, imbedded in paraffin, and sectioned at 25 />l 
to loofx thick. He found that the lungs injected through the pulmonary 
vessels showed the bronchial endings better, and that those injected 
through the trachea showed the endings in the walls of the pulmonary 
vessels more clearly. 

®°LarselI, O. J. Comp, Neurol., 33: 105, 1921. 
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sections 484. Block silver methods 485. Solutions 486. 

I. Introduction 

The microscopic anatomy of the synapses of the central and periph- 
eral nervous systems has reappeared as a subject worthy of fresh study. 
Once the keynote of the controversy over the discontinuity of the nerv- 
ous system, the terminations of axones— termmaux—h.scve today 
become important for the help which they afford in the tracing of fiber 
tracts. Experimental interruption of a pathway in the nervous system 
causes marked degenerative changes in the boutons concerned, within a 
short time. 

While it has been known since the beginning of the century that the 
axones of nerve cells end in minute ring-like structures upon the surface 
of other cells or their dendrites, it has been difficult to find histological 
methods for staining the boutons with clearness and reliability. The in- 
terneuronal connections of the spinal cord can be stained with facility 
and were very accurately demonstrated by Cajah in 1903. Hoff (1932) ^ 
has described the changes which these synaptic structures undergo after 
i dorsal root or pyramidal tract section. 

The methods of Cajal and Rio-Hortega described in the following 
pages are applicable to the cerebrum and cerebellum, tissues in which 
a high myelin content has made the staining of neurofibrils with silver a 
difficult proposition. It is indeed fortunate for the experimental worker 
; using rather capricious and empirical silver methods, that degenerating 

i neurofibrils, and therefore boutons, have an increased affinity for silver 

salts. 

I The chief precaution in the use of the stains to be described is that 

distilled water and chemically clean glass must be used, and at all times 

metal contacts must be avoided. Frozen sections are passed through small 
■ ■ . ■ ' ■ 

I ^ Cajal, S. Ram6n y: Un Sencillo m^todo de coloracidn selectiva del reticulo proto- 

j T rah. Lab. de Invest, Biol. Vniv. Madrid, 2 : 129-221, 1903. 

[ ® Hoff, E. C. Central nerve teiininals in mamraalian spinal cord and their examina- 

tion by experimental degeneration. Proc. Roy. Soc. London, b , 111: 175-188. 
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12 c.c. pyrex cups by means of a thin glass ''hockey-stick.” The formol, 
pyridine, and pyrogallic acid used should be chemically pure, and not 
of the “commercial” quality. The ammonia is the concentrated solution, 
specific gravity 0.88. The manipulation of small sections in the staining 
cups is immeasurably easier if a table-top of black and white checker- 
board linoleum is available. A very small Bunsen burner is used to heat 
the solutions until hot to the touch. The microscope should be close at 
hand for rapid examination of wet preparations. 

To fix nerxjous tissues wash through the vessels concerned, with 
Ringer’s solution, followed immediately by a dilute solution of the fixa- 
tive. Specimens should not be fixed in the same jar with other types of 
tissue. In the frozen section techniques which follow, it may be advan- 
tageous to freeze in situ, with liquid carbon dioxide, small objects such 
as sympathetic gcnglia. These should be removed while solid, placed on 
the freezing microtome, and the sections cut directly into 10 per cent 
formol. If it is necessary to demonstrate oligodendroglia, astrocytes or 
microglia, as well as neurofibrils and boutons, in a specimen of nervous 
tissue, fix first in formol-ammonium-bromide solution (p. 505) . The 
block to be examined with the neurofibrillar techniques should then be 
placed in formol. 

It need scarcely be pointed out that in the block methods the worker 
risks everything, and has little control over the impregnation. “Patchy” 
staining and “burning” can be reduced to a minimum by wrapping the 
blocks of tissue in filter paper, by shielding the bottles of silver nitrate 
from the light, and by renewing the solution after the third day of 
incubation. The frozen methods offer a greater degree of control during 
the staining, and shorten the time of impregnation from several days 
to a few minutes. 


II. Gelatin Embedding 

The following method is useful when very small objects such as 
ganglia are to be cut on the freezing microtome and carried through 
several silver solutions with a glass rod. 

(1) Fix tissues in 10-20 per cent formol. (For neuroglia, F.A.B.) 

(2) Wash in water for twenty-four hours, to remove all formol. 

(3) Place in “thin gelatin” for twenty-four hours at 37 °c. 

(4) Place in “thick gelatin” for three to four hours only, at 37°c. 

(5) Refrigerate until solid. Block out with a knife. 

(6) Place in 10 per cent formol for twenty-four to forty-eight hours, to clear. 

(7) Cut on a freezing microtome and proceed with the techniques for frozen 
sections. ' ' 
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(8) In mounting these gelatin sections acid 2 drops of ammonia and 5 drops 
of creosote to the alcohol used for dehydration. Creosote, blot dry, balsam, etc. 

Thin gelatin: 

0.5 gm. phenol crystals. 

5 gm. white gelatin squares. 

100 c.c. water. 

Thick gelatin: 

Prepared as above, but with the gelatin increased to 10 gm. 

Squares of chemically pure white gelatin are required. 

III. Double Impregnation Method for Neurofibrils 

This technique has been developed from a method first published by 
Rio-Hortega^ in 1921. It consists essentially of a preliminary impregna- 
tion with a solution of silver nitrate, followed by treatment with silver 
carbonate. 

Fixation: Tissues are best cut into small blocks or thin slices before 
fixation in a solution of 10 per cent formol in distilled water. To this 
may be added one drop of pyridine or one drop of ammonia, per cubic 
centimeter of formol. Both variants have proved useful in staining bou- 
tons in the superior cervical sympathetic ganglion. The optimum fixation 
period is ten days at 37 °c. or one month in the cold. For use in cases 
where the tissue has been fixed in formol-ammonium-bromide solution 
(for neuroglia) a modification of the double impregnation technique for 
neurofibrils is appended below: 

(1) Cut fixed material on the freezing microtome at 12-15/^. Wash the sec- 
tions well in a petri dish of water containing 10 drops of ammonia. Carry 
through two dishes of pure water. 

(2) Place in a 12 c.c. pyrex glass cup containing a 2 per cent solution of silver 
nitrate, to which 3-4 drops of pyridine have been added. 

(3) Heat gently for ten minutes at 45 °g., when the gray matter whll become 
yellow. 

(4) Wash very quickly and place in a similar pyrex dish containing a 5 per 
cent solution of silver carbonate (“sosa”) with 3-4 drops of pyridine. 

(5) Heat gently for ten minutes at 45 °g., after which the tissue will take on 
a tobacco color. 

(6) Wash for fifteen seconds. 

(7) Reduce in ten per cent formol. 

(8) Tone in yellow gold chloride solution, 1:500, in the cold for five to ten 
minutes. Reinforce by heating the toning bath gently for one minute. Wash 
quickly. 

Rio-Hortega, Pio del: Una sendlla tecnica para tehir rapidamente neiirofibrillas y 
fibras nerviosas. /ioZ. de la Soc. espah, de Histor. Natiir., 21: 364-371, 1921. 
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(9) Fix in a 5 per cent solution of “hypo/' dehydrate in 96 per cent alcohol, 
creosote, blot dry, balsam, etc. 

For material fixed in F.A.B., or for refractory material fixed in £or> 
mol for several months: 

(1) Cut sections into water containing 10 drops of ammonia. 

(2) Heat in a pyrex cup containing 10 c.c. of 96 per cent alcohol and 10 
drops of ammonia, for ten minutes at 45 °c. 

(3) Wash well in three dishes of water. 

Employ the double impregnation technique as above, reducing in 1 per cent 
formol without washing after the silver carbonate treatment. 

Basic fuchsin or Roux magenta may be used to counterstain. 

Discussion: For degenerated boutons or for pathological changes in 
neurofibrils omit the reduction in formol, passing from the silver car- 
bonate bath (extending for twelve to fifteen minutes in this case) 
through two very thorough washings in water to the gold toning bath. 
Intracellular neurofibrils are best stained by placing frozen sections in 
2 per cent silver nitrate for twenty-four hours, followed by heating for 
ten minutes at 45 °c., and continuing as usual. 

To prevent connective tissue staining in certain sections, it is neces- 
sary to employ 5-10 per cent silver nitrate in the first bath. No pyridine 
can be added in such cases because of the precipitate it produces. Follow 
with a 5-10 per cent solution of silver carbonate, without pyridine. An 
important factor in staining the finest neurofibrils is the reduction proc- 
ess. A trial reduction should be made using 1 per cent or 10 per cent 
formol as required, then without washing in water, or after a rapid im- 
mersion in 70 per cent alcohol, or after washing in water containing a 
few drops of pyridine. 

The addition of 3-4 drops of ammonia to the “hypo’' bath accelerates 
fixation and makes the sections more flexible. Overheating causes the 
connective tissue to fragment and a black precipitate covers the section. 

For sympathetic ganglia and cerebral cortex a combination of the 
ammonia-alcohol treatment of the frozen sections, and the silver nitrate 
2 per cent solution for twenty-four hours as above, give the best results. 

IV. Silver Nitrate Method for Frozen Sections 

Using Cajal’s modification for frozen sections (p. 461) with minor 
changes, it has been possible to demonstrate bouton endings in the 
cerebral cortex, cerebellum, and superior cervical sympathetic ganglion. 

(1) Blocks of tissue, fixed for at least one week in 20 per cent formol, are cut 
on the freezing microtome at 12-1 5At. 

(2) Wash the sections well in water and place in a solution of 12 c.c. of 2 
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per cent silver nitrate, 6 c.c. of 96 per cent alcohol, and 5-10 drops of pure 
pyridine, for six to ten hours at 37 ®c., or twelve to twenty-four hours in the cold. 
The latter is desirable for the finest detail. Silver nitrate solution up to 5 per 
cent has been employed successfully in the cold. 

(3) Transfer sections to a dish of 98 per cent alcohol where they may remain 
up to three minutes, depending on the depth of the silver impregnation. 

(4) Reduce for three minutes in a solution of 0.3 gm. of liydroquinone, 70 
c.c. of water, 20 c.c. of formol, and 15 c.c. pure acetone. 

(5) Wash in water and tone in yellow gold chloride solution, 1:500, for five 
to ten minutes. 

(6) Fix in 5 per cent “hypo,'' wash, mount, dehydrate, balsam, etc. 

V. Block Silver Methods 

The following methods are employed in De Castro's^ laboratory for 
demonstrating bouton endings and motor or sensory terminations. The 
usual block impregnation with silver nitrate solution underlies all these 
techniques, which vary chiefly in the fixatives used. 

Formula 118. 

(1) Pieces of tissue 4-6 mm. thick are fixed in solution containing 2-4 gm. 
of either chloral hydrate, ethyl urethane, or Roche’s somnifene, in 50 c.c. of 
water and 50 c.c. of 95 per cent alcohol. To this solution may be added 1-2 c.c. of 
40 per cent nitric acid, depending upon the organ to be stained. This addition 
prevents the connective tissue staining, and gives a clear impregnation. For 
terminations in skin, glands, arteries or muscles, the nitric acid should not ex- 
ceed 1 per cent, while for sympathetic ganglia and cerebral cortex it should 
be omitted altogether. 

(2) After twenty-four hours fixation wash the tissue in running water for 
six to twelve hours. This time may be reduced to one hour in the case of tissues 
fixed without the use of nitric acid. 

(3) Place the blocks for eight to twelve hours in 50 c.c. of 95-98 per cent 
alcohol with 2-3 drops of ammonia. One drop suffices if no nitric acid was used. 

(4) Wash rapidly to remove surface alcohol. 

(5) Incubate the blocks in a 1.5 per cent solution of silver nitrate at 37°c. 
for five to seven days. 

(6) Wash well in water and reduce for twenty-four to forty-eight hours in 
pyroformoL 

(7) Dehydrate blocks, imbed in paraffin, section at 12-15114, and mount in 
balsam. 

Toning in yellow gold chloride solution 1:500 can be carried out. As counter- 
stains, hematoxylin, carmine or basic aniline dyes are recommended. 

^Cajal, S. Ramdn y, and De Castro, R El ementos de Tecnica Micrografica del Sis- 
tenia Nervioso. Madrid, Tipografia Artfstica, 1933, 
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Formula iig. 

This pyridine fixation method is applicable to embryos, adult non- 
medullated fibers, the calices of Held, peripheral nerve terminations, and 
nerves in decalcified tissues. It has been found most useful in studying 
regenerating nerves. 

(1) Fix tissues in 50 per cent pyridine for twenty-four hours. 

(2) Wash specimens for twelve to twenty-four hours in running water. 

(3) Immerse in 96 per cent alcohol for eight to twelve hours. 

(4) Wash rapidly in water, and impregnate with 1.5 per cent silver nitrate 
solution at 37°c. for five to seven days. 

(5) Reduce in pyroformol as above. 

Formula 120. 

Chloral hydrate-alcohol-pyridine fixation has produced good results 
in the cerebellum, where the non-medullated fibers have been clearly 
and darkly impregnated. Both fnotor and sensory feuninals of the periph- 
ery have been stained also. 

(1) Fix tissues in small blocks for twenty-four to forty-eight hours in a bath 
containing 3-5 gni. chloral hydrate in 50 c.c. of 96 per cent alcohol and 15-20 
c.c. of pure pyridine. The addition of 1 c.c. of water to the above sometimes 
improves the definition in peripheral nerve terminals. 

(2) Wash in running water for twelve hours. 

(3) Immerse in 95-98 per cent alcohol for twelve hours. 

(4) Wash rapidly in water and incubate in 1.5 per cent silver nitrate solu- 
tion for three days. 

(5) Reduce the blocks in pyroformol. 

VI. Solutions 


Five per cent silver carbonate Qsosa'"): 

Solution of 10 per cent silver nitrate 67 c.c. 

Solution of sodium carbonate 5 per cent 267 c.c. 

Water to 1000 c.c. 


Add ammonia drop by drop while shaking the solution until the precipitate 
just dissolves. Filter and store in a dark bottle. 

Ten per cent silver carbonate (“fiierta”): 

Prepared as above, but water is added up to 500 c.c. only. 


Pyroformol reducer: 

Pyrogallic acid (Scherring’s resublimed) i gm. 

Formol ....... 5- 10 c.c. 

Water 70-100 c.c. 


(Hydroquinone is not recommended as a reducer.) 







Boutons terminaux after five days’ degeneration, on anterior horn cell of spinal 
cord of cat. Method Cajal 6a. (Chloral hydrate, p. 458.) 

2. Boutons terminaux as in Figure 1 after twenty-four hours’ degeneration. 


Fig. 3. Circular “bouton de passage” 
connected to an oval “bouton terminal” on 
a dendrite in cat’s cerebral cortex. Double 
impregnation technique. 



I^iG. 4. Normal boutons terminaux on anterior horn cells in spinal cord of 

6a technique. 

hic. 5. Terminal bouton on dendrite of cell in cerebral cortex of cat. Double 

tion technique. 


Inc. 6. Boutons on the surface of a cell in the superior cervical sympathetic ganglion. 

Double impregnation. 

Fig, 7. Showing surface distribution of boutons terminaux on anterior horn cells of 

cat’s spinal cord. Cajal 6a. 


Fig. 8. Degenerating bouton terminal on cell body in cerebral cortex of cat. Double 

impregnation. 

Fig. 9. Degenerating boutons in superior cervical sympathetic ganglion of cat three days 
after cutting preganglionic fibers. CajaFs method for frozen sections. 
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A. INTRODUCTION 

A word of description may be given here because of the recent addi- 
tions to our knowledge of the interstitial cells.^ Like most real advances 
this added knowledge has resulted in simplification of some problems 
which formerly seemed complex. The origin of compound granular cor- 
puscles, rod cells, ameboid glia, the so-called preameboid cells, etc., is 
now clear, making the pathology of the nervous system a much less be- 
wildering field of endeavor than before. The investigation of tumors 
arising in the brain has also received fresh impetus.^ 


I. Classification of the Interstitial Cells of the Central Nervous 


System 


Normal Forms 


Astrocytes 


Neuroglia^ 

[oligodendroglia 

Microglia 


/a. Protoplasmic (gray matter) 
\ b. Fibrous (white matter) 

/ a. Perineuronal satellites 
\b. Interfascicular 
Ubiquitous 


Pathological Forms 
Ameboid glia 
Fibrous gliosis 
Giant glia 
Acute swelling 
Satellitosis 
Rod cells 

Compound granular 
corpuscles. 
(Gitterzellen) 


I. Astrocytes (classical neuroglia, macroglia) . The most complete de- 
scription of these cells is that made by Gajal in 1913^ after devising the 
^ J>enlield, W. In: Cowdry, E. V. (ed.) . Special Cytology. N. Y., 1928. 

" Hailey, P., and Cushing, H. Tumors of the Glioma Group, Phila., 1926. 

Penfield, W. Nelson’s Loose-Leaf Surgery, N. Y., 1927. 

®Cajal, S. Ram6n y. Trab, d. Lab. d. Invest. Biolog. d. 1 . Univ. d. Madrid^ 2: 255, 

1913- 
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gold chloride method. The astrocytes are star-shaped cells whose expan- 
sions radiate through the nervous tissue in all directions. They all pos- 
sess one or more perivascular expansions wdiich are applied to the sur- 



Frc. i, Protoplasmic astrocytes. 

face of small vessels. They possess a granular cytoplasm which contains 
giiosomes, small granules said to be secretion granules. 

Protoplasmic astrocytes (Fig. i) are found in the gray matter. They 
are in general somewhat smaller than fibrcjus astrocytes, contain more 
giiosomes, and have more irregular expansions. They normally have no 
fibers but develop them under numerous pathological conditions. 

Fibrous astrocytes (Fig. 2) contain long slender fibers of Ranvier- 
Weigert which pass through the cell body and out into the expansions. 
Under normal circumstances the fibers are not divorced from the cell and 
giiosomes can be seen to accompany them. Selective fiber stains such as 
Weigert’s may give an erroneous appearance of fiber divorcement. 

Pathological changes occur rapidly in astrocytes, particularly the 
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ameboid change of Alzheimer (clasmatoclendrosis of Cajal) , (Fig. 3) . 
This may appear as an acute change in various toxic conditions of the 
nervous system, as an agonal change and also as a post-mortem change. 



Fig. 2. Fibrous astrocyte. 


It is found earlier in the white matter and often it affects one cell and 
spares the next. In staining human material the characteristics of this 
change must be kept constantly in mind. The fragmented expansions 
(Fullkorperchen) seen in Figure 3 may otherwise be taken for artifacts. 

2. Oligodendroglia (oligoglia, Robertson’s mesoglia) . These cells 
were first described by Robertson in 1900.^ Fie used a platinum method 
which proved so unreliable as not to warrant description in these pages. 
Del Rio-Hortega in 1921 provided a better method and a full descrip- 
tion of these cells. 

Oligodendroglia cells are by far the most numerous of the supporting 
cells in the nervous system. They occur in rows in the white matter 
(Fig. 4) where their expansions interlace about the medullary tubes. 
They thus hold a position relative to nerve-fibers, comparable to that 
of the sheath of Schwann cells in the peripheral nervous system. They 
are also ])resent about nerve-cells (Fig. 5) appearing as “satellites” espe- 

** Robcrlsou, \V. Scot. MecLAf Surg. J., January, 1899. J. Med. Sc., October, p. 724, 
1900. ■■ 
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dally in the neighborhood of the axon hillock. These cells contain glio- 
somes similar to astrocytes. They do not possess perivascular attachments 
and form no fibers. They are much smaller than most astrocytes. Their 



Fig. 3. Clasmatodendrosis of fibrous astrocyte. Also unaltered cell. 

small rounded nuclei are seen in ordinary stains without cytoplasm- 
Normal oligodendroglia are not ordinarily seen in human material 
unless death is sudden and the autopsy early. Material obtained at opera- 
tion and following accidental death contains oligodendroglia similar to 
that of sacrificed animals. If death is preceded by coma or deep stupor 



Fig. 6 . Acute swelling of intra- 
fascicular oligodendroglia. 


Fic. 4. Oligodendrog- 
lia of the white matter 
(interfascicular) . 


Fig. 5. Perineuronal 
oligodendroglia (satel 
lite) . 
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there will be found acute swelling of oligodendroglia (preameboid glia) 
(see Figs. 6 and 7) . If there is a toxic or infectious cerebral condition 
this swelling is extreme and may go on to cell destruction before death. 



Fig. 7. Acute swelling of peri- 
neuronal oligodendroglia. 



Fig. 8. Microglia. 


This acute swelling occurs also as an autolytic process. It is a more sensi- 
tive change than clasmatodendrosis and occurs earlier but as the result 
of the same influences. In certain conditions also there is an increase in 
the number of perineuronal oligodendi'oglia amounting to a “satellitosis.” 

3. Microglia (mesoglia, Hortega cells) . These cells were first de- 
scribed under normal conditions by Del Rio-Hortega in 1919.^' In their 
pathological forms they have long been recognized as rod cells and com- 
pound granular corpuscles. These cells are small in comparison with 
astrocytes. They have irregular protoplasmic expansions (Fig. 8) with 
stubby, spinelike projections. The nucleus is usually elongated or tri- 
angular and contains a heavier chromatin net than that found in neurog- 
lia. There are no gliosomes and no fibers. The cells are not sensitive 
to the same toxic, agonal and autolytic influences as neuroglia. 

The development of these cells is quite different from that of neurog- 
lia, both forms of which develop from ectodermal spongioblasts. Microg- 
lia seems to develop from the pia mater and possibly vascular adventitia 
and is therefore probably of mesodermal origin. These cells correspond 

® Penfield, W., and Cone, W. Arch. Neurol. & Psychiat., 16: 131, 1926. 

® Del Rio-FTortega, P, Boletin d. 1. Sac. Esp. d. Biolog., cy. 68, 1919. 
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to macrophages elsewhere in the body and may be grouped in the 
reticulo-endothelial system. The methods given here for microglia will 
stain the other elements of that so-called system. Microglia cells react 



Fig. 9. Inter- 
mediate form of 
microglia near 
brain wound. 



Fig. 10. Compound granu- 
lar corpuscle. 


promptly to destructive processes'^ passing rapidly through transitional 
forms (Fig. 9) to become phagocytic “Gitterzellen” (Fig. 10). 

The methods to be described may be divided into three groups ac- 
cording to the cells stained: (a) astrocytes, (b) oligodendroglia, (c) mi- 
croglia. By the first group all types of astrocytes may be stained but 
small modifications of these methods may demonstrate the protoplasmic 
type better than the fibrous, and vice versa. In general, the pathological 
forms of all three types of cells are more easily demonstrated by the 
metallic methods than are the normal forms. 

Oligodendroglia may be impregnated in the gray and the white mat- 
ter with equal facility. Microglia cells are studied more easily in the gray 
matter where they are much more numerous. When oligodendroglia is 
well stained microglia is usually stained also. But either cell group may 
be stained with exclusive selectivity. At times when using silver car- 
bonate, astrocytes may be incompletely stained along with the two groups 
of smaller cells. 

II. An Outline for the Routine Study of the Interstitial Cells 

It is necessary in most pathological laboratories to have a routine 
procedure for use in the study of the brain and spinal cord. When certain 
aspects are of importance, as in a particular specialized research problem, 
the material may be treated with a view to the exclusive demonstration 

'’’ Penfield, W. /. 1: 77, 1925. 
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of one cell group as described in the methods below. As a rule, however, 
it is necessary to compromise to some extent so as to use various methods 
with the best average result. The following outline may be found useful 
for that purpose: 

Outline. Remove the brain and cord as soon after death as possible. 
It is preferable to inject the carotid artery early with lo per cent formol 
to secure the best possible cell preservation. If this is not feasible excel- 
lent and immediate fixation of the whole brain may be accomplished by 
injecting the basilar artery of the brain after the cut branches of the 
circle of Willis have been ligated. This injection does not seem to pre- 
vent good results even with Nisshs or CajaFs methods if blocks are taken 
for these procedures immediately after the removal of the brain, and the 
preservation of neuroglia is thereby greatly improved. 

Remove some blocks from the brain at once and place them in alcohol 
for NissFs stains. (For a thorough survey of the interstitial cells of the 
various areas Orton’s method^ of taking blocks is orderly and very use- 
ful.) Place other blocks in formalin-ammonium-bromide solution in the 
38 °c. incubator for Cajal’s gold chloride method (page 519) . These blocks 
are cut and stained at the end of forty-eight hours and if desired some of 
the sections may be stained for oligodendroglia by Hortega’s method 
(1) at the same time. Place the brain and cord in 10 per cent formalin. 
The removal of these preliminary blocks may be omitted if it is de- 
sired to keep the brain intact until it can be photographed. But results 
for these two methods are then not so good. 

On the fifth day make gross photographs and cut the brain. Blocks 
are then taken for any of the various methods as outlined in Chapter i. 
Blocks are also cut on the freezing microtome and the sections stained by 
each of the following methods: Globus’ modification of Cajal’s gold 
chloride method (page 500) ; Penfield’s second modification of Hortega’s 
silver carbonate method for both microglia and oligodendroglia (page 
511) ; Bielschowsky’s or preferably Hortega’s method for neurofibrils and 
Hortega's or Perdrau’s method for connective tissue. If the gold chloride 
method for astrocytes should have proved unsatisfactory the method of 
Hortega can be tried on the sections from the same block or on other 
blocks after longer fixation. 

B. NEUROGLIA ASTROCYTES (MACROGLIA) 

The bichromate silver method of Golgi^ was long the best staining 
procedure for classical neuroglia and because of the appearance of these 

® Orton, S. T. ^m. J. /man., 69: 429, 1912. 

® Golgi, C. Opera Omnia. 3 vols. Milan, 1903. 

Lee, A. B. The Microtomist’s Vade-mecum, Ed. 9, London, 1928. 
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cells they were considered as independent structural units. The splendid 
method of Weigert then came into use and showed neuroglia fibrils 
with such selectivity that they came to be considered as extra-cellular 
structures. 

There followed many other methods, some of which added important 
details, while others stained neuroglia so indistinctly that these cells 
seemed to merge in with a vague diffuse syncytial network. There are 
many important methods which cannot be described here, such as Wei- 
gert’s,^® Benda’s, Alzheimer’s, i^ Mallory’s phosphotungstic hematoxylin 
method (p. 427) , Anglade and Morel’s Victoria blue method, Lher- 
mitte’s,!^ Bailey’s,!^ et al. 

The method of Achucarro provided in 1911 a very valuable means of 
studying astrocytes. But the advent of Cajal’s gold chloride method in 
1913 demonstrated these cells both protoplasmic and fibrous with un- 
equalled clarity and selectivity. The cells could be seen as cell entities 
stained completely with gliosomes, glia fibrils, perivascular feet, etc. The 
method of Del Rio-Hortega provided in 1917 another photographic pro- 
cedure which when successful cannot be excelled and which is to be pre- 
ferred to the gold method if the tissue has been long in formalin. 

I. Cajal’s Gold Chloride Sublimate Method for Neuroglia 
Astrocytes^^ (G. C. S.) 


I. The Method. 

(1) Harden, Blocks of tissue not over 5 mm. in thickness should be removed 
from the central nervous system as soon as possible after death and placed in 
formalin-ammonium-bromide solution (solution c under “Solutions” p. 519) . 
Allow blocks to harden in this solution at room temperature for four to twenty- 

10 Weigert, C. Beitrage zur Kemitniss der normalen menschlichen Neuroglia. Frank- 
furt, 1895. 

Benda. See chapter on “Neurogliafarbung.” Enzykl. mik. Technik, 1910, vol. 2. 

Alzheimer, A. Histolog. u. histopath. Arb. Nissl -Alzheimer, 3: 401, 1910. 

Spielmeyer, W. Technik der mikroskopischen Untersuchung des Nervensys terns. 
Berlin, 1914. 

^^Roussy, G., and Lhermitte, J. Les techniques anatomo-pathologiques du systeme 
nerveux. Paris, 1914. 

Bailey, P. /. Med. 44: 73, 1923, 

^'^Cajal’s successive descriptions of this method provide advice and warnings con- 
cerning the method but make no fundamental alterations in original procedure. If the 
results are not uniformly good, reference may be made to the original descriptions by 
this master of technique, but as much as possible of his advice is included here. Where 
there is a difference the conclusion last published is given. 

Cajal, S. Ramdn y. Trab. d. Lab. d. Invest, Biolog. d. Univ. d. Madrid, 2: 219, 
1913; 14: 155, 1916; 18: 129, 1920, 
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five days. In general, protoplasmic astrocytes stain better with a short fixation 
time and fibrous astrocytes after longer fixation. 

(2) Cut. Sections are cut on the freezing microtome at about 25/u- and placed 
directly in distilled water to which a few drops of formalin have been added to 
prevent swelling of sections. 

(3) Wash. Pass the sections rapidly through two changes of distilled water in 
Petri dishes and place them in the gold bath. 

(4) Stain. Place sections in a flat dish which is filled to the depth of about 1 
cm. with gold chloride sublimate solution (solution d). Flatten out each section 
on the bottom of the dish so that it is not folded or overlapped by other sections. 
Place the dish in the dark, preferably in an oven at a temperature of 22° c., for 
human cerebrum where four to six hours will be required (see technical dis- 
cussion). When sections begin to turn an intense purple remove them. 

(5) Fix. Transfer sections from gold bath to CajaPs fixing bath (solution e 
519) . Leave them here six to ten minutes. 

(6) Wash. Wash sections in 50 per cent alcohol and mount on glass slip. 

(7) Dehydrate. Blot section on slip and dehydrate with absolute alcohol. 

(8) Clear. Oil of origanum and xylol. 

(9) Mount. Canada balsam. 

2. Discussion of the Steps of the Method. (1) Hardening. Am- 
monium iodide may be substituted for the bromide, this combination 
being better than formalin alone. Also, according to Cajal 25 per cent of 
methyl alcohol may be used in the fixative, or 2 per cent of acetanide, 
also carbamide nitrate in the same strength. This last substance prevents 
granular appearance but lessens the energy of the impregnation. If it is 
desired to study fibers of Ranvier-Weigert, this last salt may be used to 
good advantage. . i | yi 

In case the tissue has been hardened in formalin without ammonium 
bromide, successful staining may at times be obtained; indeed, this was 
the fixative first used by Cajal. We have occasionally succeeded by plac- 
ing old formalin sections in formalin-ammonium-bromide for a time 
and proceeding as usual. 

The optimum duration of hardening for the nervous system of new- 
born mammals was found by de Castro^^ to be three to four days in for- 
malin-ammonium-bromide. For the human olfactory lobe^'^ he secured 
good results by substituting urea nitrate for ammonium bromide in 
hardening as follows: formol, 15 c.c.; water, 100 c.c.; urea nitrate, 1 to 2 
gm. He also successfully employed for this tissue; formol, 15 c.c.; water, 
100 C.C.; commercial ammonium carbonate, 2 gm. 

(2) Sections. In the opinion of Cajal the most favorable results are 
obtained with thick sections which also permit one to follow the sprawl- 

“ Castro, F. de. Tra^. d. Lab. d. Invest. Biolos. d. 1 . Univ. d. Madrid. 14: 1016. 

18: 1, 1920. 
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ing astrocyte expansions through their full extent. In our hands, sections 
cut at about i^fx are preferable for staining and make photography easier. 

Cajal has pointed out that one weakness in the method is that the 
superficial tissue is apt to stain less well than the deeper tissue, due to the 
fact that the more energetic action of formalin at the surface carries 
the superficial tissue too far, destroying the aurophilic properties of the 
astrocytes by the time the deeper cells are in a condition suitable for 
staining. This may be avoided by leaving the pi a intact or covering with 
a layer of blood or other substance. 

(3) Staining, The importance of the temperature of the gold sub- 
limate bath must not be overlooked. Cajal concluded that 18 to is 
the proper temperature for the human cerebrum. At such temperatures 
the time consumed is usually four to eight hours. For mammals low in 
the phylogenetic scale and for birds, reptiles and fish the optimum tem- 
perature is 25 to 35 °c. For cerebellum, bulb and spinal cord, a somewhat 
higher temperature of gold bath is desirable according to Cajal, i.e., 25 
to 28 °c. In the pineal gland, Del Rio-Hortega was able to stain neuroglia 
only if a temperature of 27 to $o°c. was used. De Castro prefers for the 
olfactory bulb of cats, dogs and rabbits the temperature of 24 to 27 °c. 
and for the human olfactory lobe 35 to 4o°c. which accomplishes the re- 
action in less than an hour. For the nervous system of newborn mammals 
he advises 24 to 26^0. 

Although Cajal advises placing the gold bath in the dark, we have not 
observed any detriment to the process when it is accomplished in day- 
light. When the sections are becoming purple it is well to remove and 
mount a single section to see if the reaction is complete. The astrocytes 
should stand out like black stars even when examined wet under the 
microscope. 

If the room is cold the sublimate may be doubled, or the gold doubled 
and the sublimate tripled. Brevity and energy of reaction may also be 
obtained by adding 2 to 3 drops of a 1 to 1000 solution of erythrosin. 

(4) Fixing. As first used by Cajal the sections were not fixed but he 
found the preservation not perfect without fixation. It is our custom to 
wash before passing the sections into the fixative as is done by Del Rio- 
Hortega. We have also substituted ordinary photographic hyposulphite 
of soda, 5 per cent, for the more complicated fixing bath of Cajal with 
better results in our hands. 

(5) Dehydration and Mounting. It is our custom to dehydrate clear 
and mount after the fashion of Del Rio-Ho^tega in his silver methods, 
using carbol-xylol-creosote to clear after 95 per cent alcohol followed by 
balsam. Some of our preparations thus mounted are perfectly preserved 
for over three years. 
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a. Modification of Globus. Globuses has provided a method of ren- 
dering tissue hardened in formalin available for staining with gold, 
which to quote from his description is as follows: 

(1) Prepare frozen sections of formaldehyde-fixed material at a thickness of 
from 15 to ^oiJL. 

(2) Wash quickly in several changes of distilled water. 

(3) Place in a 10 per cent solution of strong ammonia water for twenty-four 
hours at room temperature, or for shorter periods in an incubator. 

(4) Carry rapidly through two changes of distilled water. 

(5) Place in a 10 per cent solution of (pure, 41 per cent) hydrobromic acid 
and let it remain there for two to four hours. 

(6) Wash quickly in two changes of distilled water, to which a few drops of 
ammonia water are added and place section in gold chloride solution as usual. 

In our experience, this works out very well provided the tissue has not 
been too long in formalin. 

3. Underlying Principles of the Gold Sublimate Method. The 
chemical formulas involved in the reaction are unknown. As has been 
said, results which are at times quite favorable may be secured after 
fixation in formalin alone. The addition to the fixative of ammonium 
bromide, ammonium iodide or potassium iodide improves the vigor of 
the eventual impregnation and lessens the tendency to granular staining. 

The presence of the corrosive sublimate in the gold bath seems to be 
indispensable to a successful outcome. Gold chloride alone will color the 
tissue diffusely. The addition of mercuric chloride seems to render the 
astrocytes aurophilic and to accelerate the deposit in these cells of 
metallic gold. It is possible that mercury, which is capable of going into 
solution with the gold, withdraws the latter metal from all the cells 
except astrocytes. The action of the final fixing bath is only to preserve 
the preparation. 

In the protoplasmic astrocytes, as pointed out by Cajal, the staining 
affinity of the terminal expansions seems to be a little different from 
that of the cytoplasm of the cell body, for when these expansions are 
energetically impregnated the cell body and nucleus are more faintly 
stained, and vice versa. 

This is not true of the fibrous astrocytes but there is definite dif- 
ference in reaction between the fibrous and the protoplasmic astrocytes. 
In general the latter cells in the gray matter reach their optimum for 
staining after two or three days of hardening, while the fibrous astro- 
cytes of the white matter stain best at a later period and continue to be 
aurophilic after the protoplasmic cells have become refractory to gold. 

The action of the formalin, if allowed to continue, eventually renders 
all the astrocytes refractory to gold. 

^Globus, Q, Arch. Neurol. 6* Psychiat., 1%: 2,^%^ 1927. 


NEUROGLIA AND MICROGLIA 


501 


4. Results. With an insignificant amount of labor the astrocytes 
(classical neuroglia) are stained in an exquisitely selective manner. The 
astrocytes of the white matter are shown completely with their fibers and 
particularly their perivascular feet. If the staining is not intense the 
fibers can be seen to pass through the cytoplasm of the cell body and 
out into the expansions. With more diffuse impregnation the individual 
fibers are lost sight of and only the shape and length of the expansion 
indicate that it is fibrous. It must be remembered that astrocytes often 
undergo an agonal or post-mortem change (clasmatodendrosis) con- 
sisting of swelling and fragmentation of the expansions.^^ Autopsy 
material must therefore be obtained as quickly as possible after death. 

But it is in the staining of the protoplasmic astrocytes that the gold- 
sublimate method excels all previous methods. The protoplasm can be 
followed out to terminal expansions and the perivascular feet are easily 
demonstrated. Gliosomes, small, smooth, oval or round granules, may be 
at times stained with great distinctness. 

Neuron bodies may be made out very indistinctly but axons and 
myelin sheaths are completely unstained. . Oligodendroglia cells are un- 
stained, although a halo is seen about these nuclei. Likewise microglia 
(mesoglia of Hortega) are unstained except for their elongated nuclei. 
The lepto- and pachymeninges are invisible, as are also the blood vessels. 
Capillaries may be outlined by well-stained perivascular glia feet. 

The method works particularly well on human material. Of labora- 
tory animals, dogs and cats give particularly clear pictures. Rabbits in 
our experience give only fair results. Del Rio-Hortega’s method is pref- 
erable for these last animals. Splendid impregnations will be secured 
with newborn animals, astroblasts being well demonstrated. When the 
method is used on gliomas only those cells are stained which have 
progressed to the astrocyte stage. The more embryonic forms do not 
stain at all. It is useful therefore as an indicator of the degree of differ- 
entiation of these neoplasms. The giant cells in spongioblastoma multi- 
forme may stain and the cells of the astrocytomas should stain well, 
although in our hands, so far, these tumors are sometimes refractory to 
gold, while the phosphotungstic acid method of Mallory may succeed 
better. The astrocytes that appear in ependymomas stain well, while 
none of the cells of medullo-blastomas are impregnated. 

The procedure can be carried out in a routine standard manner if the 
proper chemicals are obtained, if the glassware is scrupulously clean 
and if attention is paid to the above advice with regard to time of 
fixation. . 

One difficulty with the method is that occasionally the astrocytes, 
Penfield, W,, and Cone, W. /. f. PyschoL u. Neurol. , 34: 204, 1926, 
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though selectively stained, are quite granular. This may be due, among 
other causes, to leaving sections too long in the gold bath, too long 
hardening, or overheating. 

The best results will be obtained with the use of formalin-amraonium- 
bromide as fixative. Good results may be obtained, however, with the 
use of the Globus modification after formalin fixation, provided the time 
of formalinization is not too great. In our experience, with an occasional 
exception, material which has hardened in formalin longer than six 
weeks gives only fair results with gold chloride, whatever modification be 
employed. 

5. Routine Use of the Method. The routine procedure which we 
have gradually come to use during the past four years will be outlined 
below. We do not propose it as a new modification. In addition to the 
personal alterations there are some details in it derived from Del Rio- 
Hortega and there is an important step borrowed from Globus. 

(1) Harden thin blocks in formalin-ammoniuin-bromide solution one day in 
the incubator at 

(2) Cut sections on the freezing microtome at 1 thickness and place directly 
in I per cent formalin. 

or 

(1) Harden the whole brain in 10 per cent formalin for a week at room tem- 
perature, preceded, if possible, by injection of formalin at the earliest possible 
moment after death. In experimental animals the injection is made while the 
animal is under ether anesthesia. If a pressure of about 2I/2 meters is used it is 
not necessary to wash out the vessels with any other solution. When the brain 
has been thus injected the second step should be taken early, even before twenty- 
four hours. 

(2) Cut as above, wash and follow the Globus procedure by placing sections 
in a closely covered vessel containing distilled water to which is added about 1 
drop of strong ammonium hydroxide for every cubic centimeter of water. Leave 
in this overnight. Then wash sections quickly and place them in 10 per cent 
hydrobromic acid for one hour in the incubator at 

(5) Wash rapidly in two changes of distilled water. 

(4) Impregnate, Place not over six sections in a flat porcelain dish provided 
with porcelain cover and containing about 25 c.c. of freshly prepared gold subli- 
mate solution. This dish is used for no other purpose and the glassware for 
preparing gold bath is used for nothing else as a further security against con- 
tamination. 

The bath is prepared as described under Solution d, except that the amount of 
mercury bichloride is doubled, i.e„ mercury bichloride 1 gm.,* water 50- c.c.; and 
gold chloride (1 per cent) 10 c.c. 

The sections are laid flat on the bottom of the vessel and kept in the dark. 
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When the purple begins to appear, one section is removed and examined wet 
and i£ the astrocytes are seen, it is mounted. The optimum color is usually a red- 
dish purple. A little reddish deposit in the solution is of no consequence, but if 
a scum begins to form the sections should be removed. 

The bath is at room temperature but during the heat of the summer the 
results are apt to be unsatisfactory. 

(5) Wash in distilled water. 

(6) Fix the sections in 5 per cent sodium hyposulphite (photographic ‘"hypo”). 

(7) Wash thoroughly in several changes of water. Extra sections may be placed 
in 1 per cent formalin and preserved there for long periods. 

(8) Dehydrate in 95 per cent alcohol after floating the sections from water on 
to the slip. 

(9) Clear with Hortega’s carbol-xylol-creosote mixture (Solution f). Blot as 
soon as the section is clear and flattened. 

(10) Mount in Canada balsam. 

II. General Observations on Silver Staining^® 

In general, each of the silver methods should be carried out with a 
standardized technique. There are minor differences between them and 
it may be necessary to try small variations at times to achieve success, 
but certain rules must be constantly observed. In all the variations of the 
silver carbonate method, as well as the tannin silver method, the equip- 
ment of the table is much the same. 

It is best to carry out the silver procedures at the worker’s own desk where 
a microscope can be used to determine the optimum impregnation times, and 
all solutions are within reach, as in Figure 11. The desk and shelves in this 
illustration are planned especially for silver staining. 

In many of the procedures the sections can be cut, stained, mounted and 
studied in the same working period. It is only thus that the best results are 
obtained, for defects in the desired staining result often can be remedied by 
small variations in the procedure instituted at once. 

A bottle of doubly distilled water should be on the table. It stands in the 
waste jar until it is called into use. The following drop bottles are needed and 
may conveniently be kept in sockets in a block of wood that may be moved 
about at will: alcohol 96 per cent; carbol-xylol-creosote; xylol; ammonium hy- 
droxide; pyridine. 

For washing sections, Petri dishes which contain 70 c.c. are used. The small 
glass dishes used for silver, for toning gold and for “hypo” solutions contain 
15 C.C. 

When it is desired to heat the sections they are placed in a glass of solution 
upon a tripod and asbestos sheet (Fig. 12) over an alcohol lamp. The glass dish 
should be filled and covered with a watch glass so that a bubble of air remains 

^ Metallic methods have been well reviewed by Carleton and by Da Fano. Carleton, 
H. Histological Technique. Lond., 1926. Lee, A. The Microtomist’s Vade-mecum. Lon- 
don, 1928. 
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inside capable of stirring up the sections when the whole is shaken. The heat 
should never exceed 50 °.g., a temperature at which the glass begins to feel dis- 
agreeably hot against the finger. 



Fig. 11. Desk and cupboard for silver staining. 


A powerful artificial light should be used with a blue filter, as many of the 
sections are quite thick. For examining wet sections a microscopic magnification 
of about 1 50 is satisfactory. 

The silver of Bielschowsky.^i though designed for staining neuro- 
fibrils, has been used by means of numerous modifications for the stain- 
ing of neuroglia. Most successful among these is perhaps the method of 
Achticarro. This silver solution is prepared by precipitating the silver 
from silver nitrate solution with sodium hydroxide and redissolving the 
precipitate with ammonia. The “silver carbonate solution” of Del Rio- 
Hortega is obtained by precipitating the silver from the silver nitrate 
solution with sodium carbonate and redissolving that precipitate with 
ammonia. In the Achticarro method the sections are passed through a 
mixture of tannic acid and ammonium hydroxide to prepare them for 
the silver bath. After the bath the silver in the tissues is reduced in 
formaldehyde. 

In the Hortega methods the sections are prepared in a variety of 
ways according to which type of cell is to be demonstrated. After passing 
through the silver bath they, too, are plunged into formaldehyde for 
reduction. 

For these silver procedures ammonium bromide, used to prepare the 
tissue, improves the staining of astrocytes, just as it does in Cajal’s gold 
“‘Bielschowsky, M. 7. /. PsycijoZ. u. JVeuro/., 3: 169, 1904. 
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chloride method. But it is not indispensable for any of them. In the 
staining of oligodendrogiia and microglia by ammoniacal silver car- 
bonate this preliminary use of ammonium bromide in some form seems 



Fig. 12. Same desk, one of Hortega’s silver carbonate methods in process. 


to be indispensable. 

Our knowledge is not sufficiently advanced to permit chemical analy- 
sis of these metallic methods. As Liesegang^^ concluded, after studying 
silver staining, a new gel chemistry is required. Formalin in the tissue 
seems to act as a mordant for the silver. The various accessory mordants 
used in different modifications serve to render some particular cell 
group selectively argentophilic, so that when the sections are passed to 
the reducing formalin silver stains that cell group takes up only the 
silver. The section after being mordanted and passed through silver has 
been likened by Liesegang to a photographic plate which had been ex- 
posed but not developed. Reduction of the section and development of 
the plate demonstrate the picture. 

III. Del Rio-Hortega’s Silver Carbonate Method for Astrocytes^^ 
(S. C. A.), (Fig. 13) 

I. Method. 

Harden. The tissue should be cut in blocks less than 1 cm. in thickness and 
hardened in formalin-ammonium-bromide solution (c). Duration in this fixative 
should be about twenty to forty days at room temperature for best results with 
the protoplasmic astrocytes of the gray matter and something over a month’s 

^ Liesegang, K. Kolloidchem. Beihefte, 1, 1912. 

^Del Rio-Hortega, P. Trab. d. Lab. d. Invest, Biol, d. 1 . Univ. d. Madrid, 15: 367, 
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duration for good results with fibrous astrocytes. It is difficult to give definite 
dates for hardening as the optimum duration is not constant. The time of 
hardening may be shortened by placing the tissue in an incubator at 38 °c. Good 

0000 ? 000 ?oO 

1 2 3 4 5678 

Fig. 13. Del Rio-Hortega’s silver carbonate astrocyte stain. 1. Water. 2. Silver car- 
bonate (lithium), pyridine, alcohol. 3. Water. 4. 1 per cent formol. 5. Water. 6. Gold 
chloride. 7. “Hypo.” 8. Water. 

results in both types of astrocytes may then be obtained at the end of two to 
three weeks. 

Results, sometimes quite good results, may be had after hardening in 10 per 
cent formalin even for very long periods. Staining of protoplasmic astrocytes 
may be obtained as early as the third day after simple formalin fixation, and 
the modification of Globus may be used here to bromurate the formalin-fixed 
tissue (p. 500). Also it is sometimes very helpful to place formalin-fixed sections 
in CajaFs reinforcer (solution i) for four hours at 38 °c. before beginning the 
staining. 

Section. Cut sections on the freezing microtome at 15 to 25/Ct and receive 
in water containing a few drops of ammonia. 

(1) 24 Wash. Wash well in four changes of water (Figs. 12-1, 2, 3) to get 
rid of all formol. 

(2) Stain. Place six to twelve sections in ammoniacal silver carbonate 
(lithium) (solution g) in a small glass dish which contains about 10 c.c. Add a 
few drops of pyridine to prevent the formation of a scum on the surface. Cover 
with a watch glass leaving a bubble and place over the alcohol flame (Fig. 12). 
Heat to 45 or 5o°c. shaking from time to time. Leave sections here, usually three 
to five minutes, until they become dark amber in color and the liquid takes on 
a grayish color. (The liquid may become brownish in case the sections have 
been insufficiently washed.) 

If fixation has been short or the first result is unsuccessful remove the sec- 
tions and heat in a second dish of silver solution similarly prepared except that 
12 drops of 96 per cent alcohol are added. Alcohol if desired may be added also 
to the first silver. Remove sections when an amber color is secured. 

It is well to carry one section through to reduction and float onto a slip for 
microscopical examination to see whether the impregnation is complete or not 
and whether a second heating in silver is necessary. 

(3) Wash. Place sections in distilled water. Allow them to fall to the bottom. 
Then raise them with the glass rod, wash quickly and plunge them into the 
reducer. Too long washing gives a pallid result, 

(4) Reduce. One per cent formalin (10 per cent may be used, but is no 
better in our experience) is used as “reducer.” The reduction takes place at once. 

^^A diagrammatic representation of this method is seen in Figure 13, Numbers in 
the diagram correspond with those of the description. 
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(5) Wash. Wash well. 

(6) Tone. Place sections in gold chloride solution (h). Leave them here a 
few minutes till they become gray, then heat, not exceeding 50°c. until the sec- 
tions become a dark purple. 

(7) Fix. Pass sections directly to 5 per cent hyposulphite of soda. Leave 
them here until flexible, about one-half a minute. 

(8) Wash in water, mount, dehydrate, clear, etc., as for the other methods. 

2. Results. The general background should be unstained and the 
astrocytes clearly outlined, the nucleus and pigment granules being 
clearly stained, and the fibers in the fibrous astrocytes may be distin- 
guished as they pass through the cytoplasm of the cell body. Gliosomes 
are rarely stained. 

When perfectly successful the result is brilliant, the astrocytes are 
stained completely and the contrasts such that photography is quite 
easy. On the other hand, the method is variable and less reliable than 
that of CajaFs gold sublimate method. It is the more reliable of the two 
methods when the nervous tissue has been long fixed in formol. 

For pathological astrocytes, where there has been hypertrophic gliosis, 
the silver carbonate method gives particularly good results, often staining 
only the enlarged cells but staining them with the greatest clarity even 
after ordinary formalin fixation. 

If it is desired to study the astrocyte cytoplasm it is better to omit 
toning the sections and to mount after reduction and washing in water. 
On the other hand, toning reinforces the glia fibrils and gives better 
preparations for routine work. If formalin is used for hardening without 
ammonium bromide the neurofibrils are likely to be stained rather too 
much. 

3. Modification of Cajal. Ammoniacal Silver Oxide Method for 
Astrocytes.^^ This is in principle a modification of the foregoing silver 
carbonate method of Del Rio-Hortega. In our hands it has proved in- 
ferior to the silver carbonate method or the gold chloride method. Cajal 
recommended it for the study of general paresis, as it seems to stain 
pathological glia well, just as does Hortega's method. 

(1) Hardeji. Tissue as fresh as possible placed in formalin-ammonium- 
bromide for two to twenty-five days. 

(2) Section. Frozen sections at 25 to 35,^ are placed in formalin-ammonium- 
bromide. 

(3) Reinforce. For more energetic staining (particularly of the cell body) 
the sections should remain four hours at room temperature (or preferably in 
the incubator) in the reinforcer (solution i). To stain glia fibrils leave in rein- 
forcer a short time only, 

^ Cajal, S. K^rndn y. Trav. d. Lab. d. Rech. Biol. d. VUni-v. d. Madrid, 23: 157, 
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(4) Wash. Wash rapidly in three changes of distilled water, 

(5) Stain. Place in the following ammoniacal silver bath: 

Ammoniacal silver 10 c.c. 


Water. . 10 to 12 c.c. 

Pyridine 7 ^irops 
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Fig. 14. Del Rio-Hortega’s first variant of Achucarro’s method. 1. Water. 2. Tannic 
acid. 3. Water, ammonia. 4a, b, c. Silver oxide, ammonia. 5. Water. 6. Gold. 7. “Hypo.” 
8. Water. 

Note. For more energetic staining the silver bath may be used without dilu- 
tion. Alkalinity or precipitation weakens it. 

(6) Wash. Wash rapidly in two changes of distilled water. 

(7) Reduce. Plunge sections in 5 per cent neutral formalin. 

(8) Tone. Twenty minutes at room temperature. 

(9) Fix. In hyposulphite of soda. 

(10) Wash. 

(11) Dehydrate, clear and mount. 

IV. Achucarro’s Tannin-silver Method^^ 

This method, published in 1911, precedes those of Cajal and Del 
Rio-Hortega. It gave good results at times but was rather unreliable. 
Certain modifications were used in practice by Achucarro particularly 
for protoplasmic astrocytes and these were published by his pupil Del 
Rio-Hortega^'^ briefly as follows: 

I. The Method. 

(1) Harden. Pieces not over 2 to 3 mm. in thickness are placed in 20 per 
cent formol to which enough ammonia has been added to give an alkaline re- 
action with litmus paper. 

(2) Section. Frozen sections not over 10^ in thickness. 

(3) Mordant. The sections, well flattened, are heated in 10 per cent solution 
of pure tannic acid for ten minutes, preventing bubbles. 

(4) Wash. After mordant has cooled wash the sections in water containing 
a few drops of ammonia until they become flexible. 

Achuc2LYYo, IS. Bol. d. 1 . Soc. Esp. d. Biolog., i: igii. 

®^Del Rio-Hortega, P. Trab. d. Lab, d. Invest. Biol. d. Univ. Madrid, 14: 181, 1916- 
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(5) Impregnate. Place sections in bath made by adding 3 to 4 drops of 
Bielschowsky’s ammoniacal silver (solution k) to 10 c.c. distilled water. Remove 
the sections when the white matter begins to take on color. 

(6) Reduce. Place in formalin prepared as for the hardening, for five min- 
utes. This method demonstrates in general with great distinctness protoplasmic 
constituents such as granulations, centrosomes, myofibrils, glia fibrils and mito- 
chondria, in addition to neuroglia and myelin sheaths. The first variant of 
Hortega described below, however, demonstrates the same structures more con- 
sistently. 

2. Modification of Del Rio-Hortega. The “First Variant'’ Method 
(Fig. 14) . 

Harden at least ten days in 10 per cent formalin. 

Section. Frozen sections. 

(1) Wash. Water. 

(2) Mordant the sections (cut on the freezing microtome) in 3 per cent tannic 
acid solution at 50 °c. for five minutes. 

(3) Wash them in 20 c.c. distilled water containing 4 drops of ammonia until* 
their flexibility and elasticity return. 

(4) Impregnate by passing the sections in groups of 3 or 4 through three 
dishes, a, b and c, arranged in series and each containing 10 c.c. distilled water 
and 1 c.c. ammoniacal silver (12 to 15 drops), (k). Leave the sections in first 
silver until the solution takes on a dark color, then pass them into the next. In 
the last solution the sections should be a deep yellow color while the solution 
itself is nearly colorless. A fourth dish of solution may be used if necessary. 
(5, 6, 7, 8. Numbers refer to those used in Fig. 14.) Wash, tone in gold and 
fix in hyposulphite; wash. This is a good cytological stain for various purposes 
and may be used particularly for fibrous astrocytes. 

The second and third variants of this method were devised by Del 
Rio-Hortega for staining collagenous fibers of connective tissue. How- 
ever, the third variant also stains fibrous neuroglia but will not be de- 
tailed here. The fourth variant described by him at a later time is a 
useful method for protoplasmic astrocytes. 

3. Modification of Del Rio-Hortega.^® The “Fourth Variant" 
Method. 

Harden in formalin for a long or short period. Cut sections as usual and 
place them for a few minutes at 45 to 50^0. in tannin-ammonium-bromide mor- 
dant (solution 1 ). Wash in ammonia water until the sections are flexible and 
transparent. Impregnate in ammoniacal silver solution diluted as above until 
they are yellowish. Wash for a few seconds in water and reduce in 20 per cent 
formalin which has been neutralized by the addition of chalk some days before. 
Wash, tone and fix as above. 

“^In a personal communication Percival Bailey states that he has found this method 
very useful to demonstrate cytoplasmic outlines of cells in brain tumors. 
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C. OLIGODENDROGLIA 

V. Del Rio-Hortega’s Silver Carbonate Method for 
Oligodendroglia^® (Fig. 15) 

Harden. Twelve to forty-eight hours in formalin-ammonium-bromide solu- 
tion (c). 

Bromurate. Heat block in fresh hardening solution (c) ten minutes at 45 to 
50°c. 

Section. Cut frozen sections at 15 to 20/4. 

00 o 000 ° ° o 
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Fig. 15. Del Rio-Hortega’s silver carbonate method for oligodendroglia. 1. Water, 
2. Silver carbonate (strong). 3. Water, 4. 1 per cent for mol. 5. Water. 6. Gold. 7. “Hypo.” 
8 . Water. 

(1) Wash. Wash in two changes of distilled water. Add 10 drops of ammonia 
to the first water. 

(2) Impregnate. Place sections in strong silver carbonate solution (m-i) and 
leave one to five minutes as determined by trial. 

(3) Wash. Agitate gently for about fifteen seconds. 

(4) Reduce. Plunge sections into 1 per cent formalin. Do not agitate here. 
(5-8) Washj, tone sections as usual until gray, fix in “hypo,’’ wash, dehydrate, 

clear and mount. 

Result. Oligodendroglia should be stained selectively. There may 
be faint staining of astrocytes and microglia may be well stained. 

I. First Modification of Penfield.^^ 

(1) Harden. In ammonium-bromide solution two to forty-eight hours. 
Blocks should not be more than 3 mm. in thickness. Place blocks in 95 per cent 
alcohol thirty-six to forty-eight hours. 

(2) Wash. Wash blocks about four hours to get rid of alcohol in changes 
of distilled water in large volume. About four times as long in the water as is 
taken for the block to sink to the bottom is sufficient. 

(3) Section. Cut on freezing microtome. If alcohol is not sufficiently washed 
out the cutting will be difficult. 

(4) Wash. Pass through two changes of distilled water. 

(5) Impregnate. Leave sections in strong silver carbonate fifteen minutes to 
two hours as determined by trial. The most favorable time to remove sections 
is when they are just beginning to turn brown. 

®® DeI Rio-Hortega, P. Bol. d. 1 . Real Soc. Esp. d. Hist. Nat., 1921. 

®° Penfield, W. Brain, 47: 430, 1924. 
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(6) Reduce. Plunge sections directly in 1 per cent formalin and agitate them 
at once. Wash, tone, fix, etc., as above. 

Result. This method was successful particularly when using rabbit 
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Fig. 16. PcnfiekFs combined oligodendrogiia and microglia method. 1. Ammonia. 
2. Hydrobromic acid, 5 per cent. 3a, b, c. Water. 4. Sodium carbonate, 5 per cent. 5. 
Silver carbonate (weak) . 6. Formol, 1 per cent. 7. Water. 8. Gold. 9. “Hypo." 10. Water. 

material. The alcohol lends a clear smooth appearance to the sections. 
Microglia cells are often stained as well as oligodendrogiia. The method, 
like the method of Hortega, is variable, although the results are brilliant 
when successful. It is suitable chiefly for experimental material. 

We have found that oligodendrogiia can be stained in every case 
without fail if the above modification be employed omitting the im- 
mersion of blocks in alcohol and proceeding as follows: Inject the 
formalin-ammonium-bromide into the internal carotid. Remove a block 
from the hardening solution at the end of two hours and run sections 
through. If not successful repeat the following morning, and if necessary 
repeat again after twelve to twenty-four hours, removing each time a 
fresh block from the fixative. The duration of fixation seems to be of 
the utmost importance but is difficult to standardize. 

The following modification we would recommend for routine use, as 
it gives uniform results and may be applied to formalin or formalin- 
ammonium-bromide fixed material even after a considerable period of 
time: 

2. Second Modification of Penfield (Fig. 16) . The Combined 
Oligodendrogiia and Microglia Method.^^ 

Harden. Tissue in formalin or formalin-ammonium-bromide solution for 
an indefinite period. About a week in formalin gives excellent results. 

Section. Cut sections at 20(jl on the freezing microtome and receive them in 
1 per cent formalin or distilled water. 

(1) Deformalinize. Place sections in dish of distilled water to which lo to 
15 drops of strong ammonia have been added and cover so as to prevent escape 
of ammonia. Leave here overnight to remove formalin. 

(2) Bromurate. Transfer sections directly to Globus’ hydrobromic acid in 
5 per cent solution (5 c.c. of 40 per cent hydrobromic acid plus 95 c.c. distilled 
water). Place in incubator at 38^0. for one hour. 

Penfield, W’. Am. J. Path., 4: 153, 1928. 
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(^) Wash. Pass through three changes of water (a, b, c). 

(4) Mordant. Place sections in 5 per cent solution of sodium carbonate for 
one hour. (Sections may remain here five to six hours without ill effect.) 

(5) Impregnate. Pass sections with or without washing direct to Hortega’s 
silver carbonate, weak solution (m-2) and leave them here three to five minutes 
or until they turn a smooth gray when transferred to the reducer. Control by 
taking out a section at intervals of one to two minutes and examining under 
the microscope. At times good results are obtained by leaving the sections in 
the silver solutions until they turn a light brown. 

(6) Reduce. Place in 1 per cent formalin and agitate. 

(7) Wash. Distilled water. 

(8) Tone. Leave in gold chloride (i to 500) at room temperature until 
sections are a smooth bluish gray. 

(9) Fix. Hyposulphite of soda (5 per cent) as usual. 

(10) Wash, dehydrate, clear and mount. 

By this method both microglia and oligodendroglia may be stained 
with a considerable degree of consistency. The morphological differences 
of the two types of cells make it quite easy to distinguish them. This 
differentiation is even easier when either type of cell has undergone 
some pathological change. There may be at times faint staining of astro- 
cytes particularly if the sections are left too long in silver. 

D. MICROGLIA 

(Mesoglia, Hortega cells, Hortega’s third element.) 

VI. Del Rio-Hortega's Silver Carbonate Method for Microglia'^^ 

(p- 494) 

The MethodP^ (Fig- 17) • 

Harden. Blocks about 5 mm. in thickness should be hardened in formalin- 
ammonium-bromide solution (c) for two to three days at room temperature. 

Bromurate. Place blocks in fresh formalin-ammonium-bromide in a small 
covered glass dish and heat to about 50 °g. for ten minutes. 

Section. Cut sections at once in the freezing microtome at 20 to 25ia, re- 
ceiving the sections in distilled water. 

(1) Wash. Pass sections through three changes of distilled water (a, b, c, 
Fig. 19) adding to the second change 4 or 5 drops of ammonia to remove the 
formalin. 

®^Del Rio-Hortega, P., and Asua, F. J. de. Arch. d. cardial, y hematol., 2: 161, 1921. 

®^The method is first given as outlined in the cited articles, and with certain minor 
additions which were in use in the Laboratorio de Histopatologia de la Junta para 
Ampliacion de Estudios in the year 1924 when it was the privilege of one of us (W. P.) 
to work with the author of this method. It is a pleasure to acknowledge our indebted- 
ness to this master of histological technique. 
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(2) Impregnate. Place four or five sections in Hortega's silver carbonate 
“weak solution” (m-2). 

(5j) Reduce. Remove one from the silver at the end of twenty seconds and 
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Fig. 17. Del Rio-Hortega’s silver carbonate method for microglia, la. Water, ib. 
Water, ammonia, ic. Water. 2. Silver carbonate (weak). 3. Formol, 1 per cent. 4. Water. 
5. Gold. 6. “Hypo.” 7. Water. 

plunge directly into 1 per cent formalin. Agitate the section at once by blowing 
briskly on the surface of the liquid. Remove a second at forty-five seconds and 
another at two minutes. The sections should promptly change to smooth gray 
color. One minute is long enough in the reducer. If sections are brownish the 
duration in silver has probably been too long and neuroglia astrocytes will be 
found stained as well as microglia. 

It is well to float sections on a slip and examine under the microscope. The 
microglia cells are seen as small black spider shapes. If neuroglia astrocytes are 
stained they are likely to be tan and, of course, larger. When the optimum dura- 
tion of silver impregnation has been determined, ten to twenty sections at a 
time may be carried through it and into formalin with a similar result. 

(4) Wash. Distilled water. 

('5) Tone. Leave the sections in gold chloride solution (h) until they be- 
come an even gray with no yellow shade. If left until they are slightly purple 
the stain is intensified. 

(6) Fix. Place in hyposulphite of soda (5 per cent) about a minute until 
they are flexible, 

(7) Wash. Place sections in water. They may be preserved here or better 
in 1 per cent formalin for long periods. They may be counterstained if desired 
before continuing to dehydrate; clear and mount in Canada balsam. For the 
genei'al background and connective tissue picro-fuchsin solution as for Van 
Gieson’s method may be used, or picro-incligo stain of Cajal, 

If the procedure is not successful place the sections in absolute alco- 
hol for about a half hour, then wash, place in silver solution and pro- 
ceed as usual. Anhydrous sodium sulphite, a pinch in 50 c.c. of water, 
may be used in a similar empirical fashion with occasional resultant 
improvement. Finally, the preliminary use of strong ammonia or strong 
pyridine or a mixture of the two with water in equal parts may influence 
the outcome favorably. 

Better results are occasionally obtained by heating the silver bath to 
5o°G. and leaving sections here until they are of an amber color. If the 
sohition becomes turbid before this color has been reached they have 
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been improperly washed. Sections are next washed rapidly in distilled 
water before reduction. This variation is particularly helpful w^hen 
working with the cerebrum of dogs according to Gallego. We have 

oQo oQOOo^O 

1 2 a b c 4 5 6 7 8 9 

' Y ^ 

3 

Fig. 18. Bel Rio-Hortega’s 1927 method for microglia. 1. Pyridine, ammonia, water. 
2. Water. 5a, b, c. Undiluted silver carbonate. 4. Water. 5. 1 per cent formol. 6. Water. 
7. Gold. 8. '“Hypo.” 9. Water. 

found this alternative also occasionally successful in old formalinized 
material. 

Failure may be due to imperfectly distilled water, to over-formalin- 
ization or unsuitable formalin and to impurity in the sodium carbonate 
from which the silver carbonate is made. If the material is from the 
rabbit’s brain a successful result is almost invariable. With mouse, cat, 
dog and human material the method gives variable results. Morpho- 
logically microglia seems to be exactly the same in all these species. 

I. Del Rio-Hortega^s 1927 Method (Fig. 18) . More recently Del 
Rio-Hortega has given rules for the application of the method to macro- 
phages as seen throughout the body in various tissues as well as to 
microglia.^^ The most generally applicable variant is as follows: 

Harden. Blocks in formalin-ammonium-bromide for two to eight days. (Re- 
sults may also be good if fresh material is fixed for a short time in formalin 
or for a long period in formalin-ammoniiim-bromide. For macrophages in general 
10 per cent formalin is preferable.) 

Section, Frozen sections at zofi, or imbed in gelatin if preferred. 

(1) Preparation, Place sections ten minutes or more in a mixture of equal 
parts of pyridine, ammonia and distilled water (5 per cent crystallized sodium 
sulphite may be substituted for this mixture). 

(2) Wash. This may be omitted. 

(3) Impregnation. Undiluted silver carbonate (m-3) is placed in three small 
glass dishes and the sections are passed through them in series, remaining thirty 
seconds in the first, one minute in the second and one minute or more in the 
third, depending on the temperature. Trial sections may be run through as in 
the original technique. 

(4) Wash, Wash rapidly (ten to fifteen seconds) in distilled water. At times 
this is unnecessary. Too much washing renders the staining granular. 

(5) Reduce. Pass to 1 per cent formalin, agitating the sections gently. Some- 
times moving the sections in the reducer in this way may be found detrimental, 

Del Rio-Hortega, P. Bol d. 1. Real Soc. Esp. d. Hist. Nat.; 2^: 199, 1927. 
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as the silver is washed out from the macrophages. The same thing may happen 
with the preliminary washing. 

(6, 7, 8, g) Wash, tone, wash and fix as above. 

With this method Hortega has secured good results in staining micro- 
glia and also , epithelioid cells, cells of Langerhans, Kupffer. cells of the 
liver and in general the cells included with the reticulo-endothelial 
system of the kidney, the tonsil, the lymphatics, lungs, etc. 

Particularly good results with cat material were obtained by Hortega 
when he left the sections ten to fifteen minutes in undiluted silver 
carbonate solution and then placed the sections one by one in water 
where they must lie extended but without movement for about five 
minutes until the sections take on a pale yellow color. Reduce in 5 per 
cent formalin and complete as usual. 

2. Modification of Cajal. Silver Oxide Method, Cajal has pro- 
posed a modification of this method. He substituted Bielschowsky’s 
silver oxide solution (solution j) for the silver carbonate solution. He 
reports success with old formalin material, particularly pathological 
human material. In an earlier publication^^ Cajal described a similar 
method which also resembles that of his pupil Del Rio-Hortega under 
the name of “A Modification of the Method of Bielschowsky.'’ We have 
used Bielschowsky’s silver as recommended by Cajal but have always 
found it less satisfactory than Hortega’s silver carbonate. The more 
recent description of Cajal’s modification is as follows: 

(1) Harden, Blocks as usual in formalin-ammonium-bromide solution, 
human material for thirty to forty-five days, animal material less than four days. 

(2) Mordant. The sections are placed in reinforcer (i) in incubator a few 
hours. 

(3) Wash rapidly three times. 

(4) Impregnate. Place in silver oxide solution (j) diluted with an equal 
amount of water to which pyridine has been added. Leave here until they take 
on a pale straw color or heat until they become the color of '‘weathered straw." 

Reduce. In 5 per cent formalin and complete as usual. 

E. SPECIAL METHODS 

I. Modification of Del Rio-Hortega for Perivascular Glia of 
Andriezen.'^^^ The perivascular glia of Andriezen are astrocytes of both 
the fibrous and the protoplasmic types which are closely applied by 
their body cytoplasm to vascular adventitia while the expansions radiate 
off into the surrounding tissue at a distance. These cells, which were 

^ Gajal, S. Ramdn y. Trav, d. Lab. d. Rech. Biol. d. I’Univ. d. Madrid, 23: 157, 1925. 

^^Bel Rio-Hortega, V. Bol. d. 1 . Real Soc. Esp. d. Hist. Nat., 25: 184, 1925. 
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well described by Andriezen, curiously enough seem to have staining 
affinities similar to those of oligodendrogiia and microglia. 

Del Rio-Hortega has pointed out that the perivascular glia is well 
stained by the following technique: 

The tissue should be fresh and preferably hardened not more than a 
day or two. Wash frozen sections from formalin-ammoniunl-bromide 
fixed material ten to twenty minutes in pure pyridine. Wash in two 
changes of distilled water without eliminating all the pyridine. 

The sections may then be stained according to the first method of 
Hortega for microglia (p. 509) or the alcohol modification of Penfield 
for oligodendrogiia (p. 510). 

2. Modification of Del Rio-Hortega for Neuroglia Pigment. 
This method also demonstrates the pigment if present in nerve-cells and 
in microglia. It shows the pigment present both under normal condi- 
tions and as the result of pathological processes. 

(1) Harden. In formalin or formalin-ammonium-bromide for an indefinite 
period. 

(2) Brornuraie. Heat the blocks in formalin-ammonium-bromide ten min- 
utes at 45 to 50°c. 

(3) Section. On freezing microtome. 

(4) Wash. In strongly ammoniacal water. 

(5) Prepare. Sections in sodium sulphite, 5 per cent solution for some 
minutes. 

(6) Impregnate. Plunge sections directly into weak silver carbonate solu- 
tion (m-2) and heat to 50°a until sections are the color of tobacco. 

(7) Wash. In water for one-half to one minute. 

(8) Wash. In 95 per cent alcohol one-half minute. 

(9) Reduce. In 1 per cent formalin, 

(10) Tone. In gold chloride and reinforce by heating. 

(11) Fix. In “hypo’’ 5 per cent. 

Wash and mount as usual. 

3. Del Rio-Hortega’s Methods for Gliosomes and Mitochondria. 
Gliosomes are small rounded granules found in neuroglia (both astro- 
cytes and oligodendrogiia) . They can be distinguished at times accord- 
ing to Hortega^t from mitochondria; at other times it is impossible to 
make any such distinction. The whole question of the nature of the 
specific granules found in these cells must be left an open one for the 
present. It has been thought (Nageotte, Mawas, et al.) that these 
granules corre-spond to secretion granules and that neuroglia as a whole 
is a Ituge gland of internal secretion situated in a diffuse fashion through- 

Del Rio-Ho«ega, P. Bol. d. 1. Real Soc. Esp. d. Hist. Nat., 25: 34, 1925. 
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out the central nervous system. The method may be carried out in one 
of three ways. 

(a) The Method. Staming in the Cold (Mitochondria).^^ 

(1) Harden. Place blocks of 2 to 3 mm. thickness in formalin-iron-alum 
solution (n). 

(2) Section. Cut sections on freezing microtome at about lo/i, taking care 
not to freeze the tissue too hard. 

(3) Wash. Pass through two good-sized dishes of water. Add 5 to 6 drops 
of ammonia to the first water to render the sections more flexible. 

(4) Impregnate. Silver carbonate solution (m-2) for about five minutes, de- 
pending on the temperature of the room. 

(5) Wash. Distilled water for fifteen to thirty seconds. Do not move sections 
too much here. This is an important step. The water acts as a differentiator 
removing silver from the general tissue and leaving it only in the mitochondria. 
If this is not done carefully only the more voluminous and more energetically 
impregnated gliosomes are likely to be stained. 

(6) Reduce. Formalin (1 to 200). For the study of mitochondria tlie section 
should turn a grayish color. Gliosomes are best seen in sections which take on 
a reddish hue. Wash. 

(7) Tone. Leave sections in 1 to 500 gold chloride solution for about fifteen 
minutes or heat gently until the color is a little more intense. 

(8) Fix. In “hypo” as usual. 

Result. At least in dog and cat material the mitochondria of neuro- 
glia are well stained as are sometimes similar granules in nerve-cells, 

(b) Staining in the Heat (Gliosomes). 

(1) Harden. Two to eight days in the formalin-iron-alum solution, (llssiie 
fixed for months in formalin-ammonium-bromide may be used if the sections are 
left twenty-four hours in 5 per cent solution of iron alum.) 

(2) Wash. Two or three large dishes of distilled water to which ammonia 
is added followed by a wash in water without ammonia. 

(3) Impregnation. Heat in silver carbonate (m-2) to which 2 or 3 drops of 
pyridine have been added at 45 to 50° c. shaking occasionally, until sections take 
on a light tobacco color. 

(4) Wash. One to three minutes in distilled water. 

{^) Reduce. Formalin (10 per cent). 

(6) Tone. Fifteen minutes in the cold and then intensify the color by heat- 
ing gently. 

(7) Fix. As usual. 

Result. This procedure is used chiefly to stain gliosomes. The ad- 

^For procedure (a) and (c) the formalin uranium (solution o) may be used. This 
fixative and mordant gives particularly good results for protoplasmic astroevtes and 
even better for oligodendroglia. 
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vantage of this modification is that neuroglia bodies and expansions are 
stained without blotting out the granules. 

It is stated that a reducer of 5 to 10 per cent formalin demonstrates 
gliosomes by preference; 1 per cent reducer tends to demonstrate the 
mitochondria of glia and in part those of nerve-cells; dilution of re- 
ducer to 1 to 400 produces splendid staining of mitochondria in neuron 
bodies and larger axons. For better staining of gliosomes in oligodendro- 
glia dilute the silver solution and add about 20 drops of 95 per cent 
alcohol as well as pyridine to it. 

(c) Double Impregnation, 

(1) Harden. In formalin-iron-alum solution or in this solution plus 2 per 
cent of ammonium-bromide, three to four days. 

(2) Section and wash as in (b). 

(3) Prepare. Place sections in 2 per cent silver nitrate and heat gently. 

(4) Wash. Rapidly. 

(5) Impregnate. Weak silver carbonate one minute. 

(6) Wash. Very rapidly. 

(7) Reduce. Formalin 1 per cent. 

(8) Tone and fix as in (h). 

Result. This procedure succeeds at times when (a) fails and is par- 
ticularly helpful in staining the cerebellar neuroglial cells of Bergmann, 
if formalin-uranium is used to harden the tissue. The procedure also 
demonstrates very well the granules of ependymal cells. 

4. Counterstaining of Microglia. For staining of lipoid material 
G. Herxheimer's stain may be used. This is a satui^ated solution of 
scarlet red in 70 per cent alcohol and pure acetone. Staining takes place 
very quickly.^^ 

For staining iron in macrophages Del Rio-Hortega follows the pro- 
cedure outlined by Peris as follows: 

Counter stain of Microglia for Iron (Peris) . 

(1) After staining the sections with silver and toning, gently heat them to 
45 or 50°c. in a solution of 5 per cent potassium ferrocyanide for fifteen minutes. 

(2) Place them in hydrochloric acid (10 per cent) at a temperature of about 
25 to 3o°c. for fifteen minutes. 

(3) Wash well in two changes. 

(4) Stain with ZiehUs fuchsin fifteen seconds. 

(5) Wash well in water. 

(6) Place in saturated solution of picric acid and leave there some seconds 
until sections darken. 

(7) Differentiate in 95 per cent alcohol until sections become pale red. 

(8) Clear in carbol-xylol-creosote (f). 

(9) Mount in balsam. 

**Mallory, F. B., and Wright, J. H. Pathological Technique, Phila., 1924. 
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When microglia contains much iron, it will be demonstrated well out 
in the expansions. In their ameboid forms a large amount of iron will 
be found in these cells. 

F. SOLUTIONS 

a. Distilled Water. It is our custom to use doubly distilled water for 
all solutions and washings, the second distillation being done in glass. 
In the laboratories of Madrid the taps supply water straight from the 
melting snows of the Guadarramas. This is not distilled for routine use. 

b. Ten Per Cent Formalin. 


Merck’s blue label 40 per cent formaldehyde. . . 10 c.c. 

Distilled water 90 c.c. 


We have not found it necessary to add chalk to this formalin^^ as it 
is very nearly neutral. When using other makes of formol we have added 
chalk to the stock. We believe that Cajal used formalin prepared by Merck 
or Kahlbaum to which he added chalk. It is the custom of Del Rio- 
Hortega to use Merck’s formalin. Highly acid formalin is prejudicial 
to many of the reactions. 

c. CajaVs Formalin-ammonium-bromide Solution (f.a.b.) . 


Formalin (Merck’s blue label, 40 per cent) 14 c.c. 

Ammonium bromide 2 gm. 

Distilled water 86 c.c. 


d. CajaVs Gold Chloride and Sublimate Solution. Prepax'e fresh 
bath each time with scrupulously clean glassware as follows: 


Mercury bichloride crystals 0.5 gm. 

Gold chloride (Brown, Merck) 1 per cent 10 c.c. 

Distilled water 50 c.c. 


Pulverize the sublimate and add it to the 50 c.c. of water and place over 
alcohol flame so as to dissolve rapidly but do not overheat, or place in hot water 
bath. When dissolved add gold chloride to solution which is still hot. Filter the 
mixture. Cajal has warned against buying the powdered preparation of sublimate. 
The gold chloride keeps well in a brown bottle for long periods. Cajal advised 
in his last formula a smaller concentration of gold than here given, i. e., 6 c.c. 


e. Cajal Fixing Bath, 

Sodium hyposulphite 5 gm. 

Water 70 c.c. 

Alcohol (95 per cent) 30 c.c. 

Concentrated solution of sodium bisulphite 5 c.c. 


^The pH of the Merck’s blue label 40 per cent formalin has been about 6.8. The 
10 per cent solution made from this has had an average pH of 6.2. 
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f. Carbol-xylol'Creosote Mixture. 

Creosote . , lo c.c. 

Phenol 10 c.c. 

Xylol Bo c.c. 

g. Del Rio-Hortegas Silver Carbonate Solution (Lithiurn) for Astro- 
cytes. 


Silver nitrate (lo per cent)..... 5 c.c. 

Lithium carbonate (saturated solution) 20 c.c. 

Ammonium hydroxide q.s. to dissolve precipitate 

Distilled water ad 75 c.c. 

Filter and keep in a brown bottle 


When the first two chemicals are combined silver carbonate comes down 
as a voluminous precipitate. The ammonia should then be added drop 
by drop stirring all the while until the precipitate disappears and am- 
moniacal silver goes into solution. Care must be taken to add no more 
ammonia than just enough to cause this resolution. A small amount of 
black dustlike precipitate will remain undissolved and may be filtered 
off. The solution may usually be kept for long periods. 

This is the preparation employed by Del Rio-Hortega more recently. 
In the original publication of the method (p. 505) Del Rio-Hortega 
recommended silver nitrate (10 per cent) to which was added an equal 
or larger amount of saturated solution of lithium carbonate. He then 
decanted the liquid and washed the precipitate with 50 c.c. of distilled 
water. He decanted again and then added 15 to 20 c.c. water and fol- 
lowed with ammonia sufficient to dissolve the precipitate, after which 
water was added so as to increase the total volume to 50 c.c. 

h. Gold Chloride Solution for Toning. 


Gold chloride (yellow) 1 gm. 

Distilled water 500 c.c. 


It. is not necessary to use the more expensive brown gold for toning; in 
fact the yellow variety seems to serve the purpose better. 


L Cajars Reinforcer. 

Neutral formalin 30 c.c. 

Ammonium bromide 3 gm. 

Distilled water 70 c.c. 

j. Bielschow shy's Ammoniacal Silver Bath as Prepared by Cajal. 

Silver nitrate, 1 per cent 20 c.c. 

Sodium hydroxide, 40 per cent 22 drops 


Wash the precipitate with distilled water six times. 
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Add to the precipitate at a temperature of 22 °g. 


Distilled water 110 c.c. 

Ammonium hydroxide 4 c.c. 


Stir until precipitate is dissolved. Keep in dark bottles. The test for the activity 
of this silver oxide solution is the rapidity with which sections turn dark brown 
when placed in it at room temperature. 

k. BieAs chow sky’s Aminoniacal Silver Bath as Prepared by Del Rio- 
Hortega for Achucayro’s Method, 


Silver nitrate 10 per cent 30 c.c. 

Sodium hydroxide 40 drops 


Wash the precipitate ten or twelve times in distilled water, using a liter at 
least. Add to the precipitate 50 c.c. of distilled water. Add to this ammonia in 
just sufficient amount to dissolve the precipitate, stirring without too great 
violence. Add no more ammonia after the solution smells of it. Add distilled 


water so as to bring total up to 150 c.c. 

/. Mordant for Hortega’s Fourth Variant, 

Tannin 3 gm. 

Ammonium bromide 1 gm. 

.Distilled water 100 c.c. 

m. Del Rio-H Ortega’s Arnmoniacal Silver Carhonaie Solution, 

1. Strong solution. 

Solution of silver nitrate (Merck) 10 per cent 5 c.c. 

Solution of sodium carbonate (pure) 5 per cent 20 c.c. 

Ammonium hydroxide (sufficient to dissolve precipitate) 

Distilled water up to. . , 45 c.c. 


The ammonium hydroxide, as indicated above, should be added drop by drop 
until the precipitate is just dissolved, stirring the solution all the while. Finally, 
filter and place in a dark bottle, where it will keep for long periods. 

2. Weak solution. Is prepared in the same way, except that distilled water is 
added up to 75 c.c. 

3. Undiluted silver carbonate is made up the same way but no water is added 
after the precipitate is dissolved with ammonia. 

n, Del Rio-H Ortega's Formalin-iron-alum. Solution. 


Formalin (40 per cent) 10 c.c. 

Distilled water 90 c.c. 

Iron alum (pure) fi to 8 gm. 

Idlter 

o, Del Rio-FI Ortega’s Formalin-uranium Sohilion. 

Formalin (40 per cent) 10 cx. 

Uranium nitrate ... .......... 1 to 2 gm. 

Distilled water .............................. . 90 c.c. 
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I. Introduction 

In order to gain a full knowledge of any particular kind of Protozoa 
it is necessary to study them in the living condition in as normal an 
environment as possible, and, in addition, to employ a wide range of 
technical aids. In the present section suggestions are offered for (1) the 
collection and examination of living Protozoa, (2) intravitam staining, 
(3) temporary methods of killing and staining and (4) preparation of 
permanent mounts. As a section of a general work, the presentation is 
not intended to be exhaustive. Those methods which seem to the 
author to be of the greatest usefulness have been selected. Some familiar- 
ity with laboratory methods is presupposed. 

II. Examination of Living Protozoa 

I. Free-living Protozoa. Collection. Collection of free-living 
Protozoa may be done by simply dipping up a quantity of water from a 
stream, pool or larger body of water, or by using some form of special 
apparatus.^ Where variety of species is desired, it should be remembered 
that Protozoa are to be found in moist soil, on and in the bottom de- 
posits of water bodies and attached to all kinds of submerged objects, 
including growing water plants as well as swimming freely in the water, 
and collections fr6m all these sources should be made. If the sample 
collected is to be representative of a body of water, such as a reservoir, 
then it should be taken out away from shore and away from any 
special environmental condition such as floating objects. 

b. Concentration Methods. These are frequently employed, usually 
involving some kind of filtering device. The simplest method is the fol- 
lowing: Pass the sample of water through filter paper in an ordinary 
funnel. When 10 to 20 c.c. of water remain in the funnel quickly pour 

^Whipple, G. C. The Microscopy of Drinking Water. Ed, 4. N. Y., 1927. 

Ward, H. B., and G. C. Whipple. Freslmater Biology. N. Y., 1918. 
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the residue into a vessel and examine as a concentrate. By measuring 
the original sample and counting all the individual specimens of each 
kind in the concentrate, this method can be made quantitative. Ordinary 
filter paper will permit many of the smaller forms to pass through, A 
hard filter paper may be used, but filtering is slowed down and the 
funnel will need to be agitated frequently to prevent the Protozoa from 
becoming attached to the paper. A suction exhaust will hasten filtering 
but may injure the more delicate species. 

Concentration in the Field, Select a wide-mouthed bottle or jar 
provided with a stopper having two holes through it. In one hole insert 
the stem of a small funnel in an inverted position with its broad end 
covered with bolting cloth. In the other hole in the stopper insert a 
larger funnel in an upright position. Put the stopper in place and pour 
the water into the upright funnel. When the bottle is full the water 
will filter out through the smaller funnel, the organisms being retained 
by the bolting cloth. A relatively large volume of water may thus be 
concentrated for transportation to the laboratory.- 

Towing with a tow net is essentially a method of concentration. By 
using certain forms of tow net and observing certain rules, this method 
may be made quantitative.*^ 

The Sedgioick-Rafter method is designed to give quantitative results. 
Special apparatus consists, first, of a graduated funnel of 500 c.c. capacity 
which is cylindrical through most of its length. Near the lower end it 
tapers to a much narrower cylinder which is also graduated. The lower 
end is provided with a perforated rubber stopper into the opening of 
which is inserted a glass tube up to the upper surface of the stopper. At 
the lower end of the glass tube a rubber tube provided with a clamp is 
attached. The upper end of the stopper is covered with a disk of bolting 
cloth and on this enough fine sand is poured to make a layer of 3 /^ to 
11/2 inch in depth. The sand should be fine enough to pass through a 
sieve having 60 meshes to the inch. Two other special pieces of apparatus 
are (1) the counting cell, which is a microscopical slide with a brass 
rim cemented to it to make a cell exactly 1 mm. deep, and (2) the 
ocular disk, which has a large square on it ruled into too smaller squares. 
This disk is placed in the ocular of the microscope and such a combina- 
tion of lenses and tube length is chosen that one side of the large square 
corresponds to 1 mm. on the stage of the microscope. (Calibrate with a 
stage micrometer.) When the counting cell is in place, by counting all 
the organisms within the large square of the ocular disk, one actually 

“ Hall, W. E. /. Mfcr. Soc., p. 46, 1924. 

“See Ward and Whipple. Loc. ciL p. 389. 
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c:oiints the number in a cubic millimeter, since the cell is just i mm. 
deep. The apparatus is used in the following manner: 

Having secured a carefully collected sample of water, stir it to obtain an even 
distribution of the organisms, pour a little water into the funnel to wet the 
sand and fill the funnel up to the 500 c.c. mark. Next remove the clamp from 
the outlet tube and allow filtering to proceed. When a small quantity of water, 
say 1 c.c. remains in the lower end of the funnel, replace the clamp to stop the 
filtering. Place a tumbler or beaker under the funnel and remove the stopper, 
allowing the sand and concentrate to fall into the tumbler. Quickly wash the 
inside of the funnel with a small measured quantity (say 9 c.c.) of sterile water 
to remove attached organisms. Next gently stir the concentrate and sand to 
free the organisms from the sand, and after letting it stand for a few seconds so 
that the sand may settle to the bottom, decant the water containing the organisms 
into another container. Again stirring the concentrate to secure even distribution 
of the organisms, take some of it up with a pipette and place it in the counting 
cell. 

To prevent overflowing place the cover glass over most of the cell before the 
concentrate is added. When the cell is full adjust the cover glass and place the 
cell on the stage of the microscope. Using a mechanical stage to prevent duplica- 
tion of fields, count all the organisms of each kind in a definite number of 
ocular squares, each in a different field of the microscope, and record the numbers. 
The number of individuals in each square is really the number in cubic mil- 
limeters of the concentrate. The results are expressed in terms of the number of 
each kind of organism per cubic centimeter of the original sample. In order to 
bring the actual counts into this form the following formula is used: 

t 1 000 c 

N = - X 

n V 

in which n is the number per cubic centimeter of original sample, t is the total 
number of a particular kind counted in all the squares, n is the number of squares 
counted, c is the number of cubic centimeters of the concentrate after washing 
the funnel and v is the number of cubic centimeters of the original sample. 
If we suppose that 20 squares were counted and that 10 c.c. was the amount of 
concentrate after filtering 500 c.c. of the original sample, and if we substitute 
these quantities in the above equation, we get 

t 1 000 X I o 

N = ™ X — ' 

20 500 

which cancels out to n = t, making calculation very simple. 

This calculation needs to be made for each kind of organism recorded 
and, in addition, a survey should be made of the entire counting cell to 
find any kinds that may have been missed in the scries of squares 
counted. Such a random sampling method naturally has inherent defects, 
but in spite of these, tests have shown that parallel determinations from 
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the same sample do not usually differ more than 10 per cent from each 
other.-^ 

c. Exarninatiori. If the collected sample of water is allowed to stand 
undisturbed in a vessel for an hour or more the Protozoa tend to dis- 
tribute themselves in different parts of the vessel depending on their 
several tropic responses. Those that are positively phototropic will be 
found on the most brightly illuminated side. Geotropism will send some 
to the top and others to the bottom. If a random sampling method is 
used to obtain quantitative results, then the sample or concentrate 
should be thoroughly stirred before examination. 

In ordinary work, proceed as follows: place a drop of water contain- 
ing the organisms on a slip and cover with a cover glass. A depression 
slide may be used but is not necessary. If there are no objects in the 
drop capable of supporting the cover glass, add pieces of fine glass rods 
or tubing, or pieces of cover glass to the drop, or attach small lumps of 
wax to the corners of a square covbr glass to prevent crushing the ani- 
mals. If the cover glass is unsupported, evaporation will deplete the 
fdm of water and the organisms will be distorted by pressure. This, how- 
ever, is a decided advantage for observing certain details, such as the 
collecting canals of the contractile vacuoles of Paramecium. At one time 
it was a common practice to compress organisms in a special compressor 
for examination of their finer structures. 

Compensate for evaporation by adding w^ater at the edge of the cover 
glass with a dropper, or seal a short shell vial to one end of a slip with 
paraffin or cement to act as a water reservoir, and arrange a small string 
or coarse thread to act as a capillary siphon to carry water from the 
reservoir over to the fluid under the cover glass. 

Examination in cultures is possible where Protozoa have been cul- 
tured in a Syracuse watch glass or similar small dish. Place the dish on 
the stage of the microscope and examine the animals directly. Low power 
objectives will not need to touch the water, but for higher magnification, 
water-immersion objectives are available. This method is especially ad- 
vantageous for sedentary forms and for tracing development of a culture. 

A hanging drop is convenient for confining one or a small number of 
Protozoa in a limited amount of fluid for prolonged observation. Place 
a small drop of the culture containing the organisms in the middle of a 
round cover glass, or isolate a single animal in such a drop and invert the 
cover over the concavity of a depression slide and seal with vaseline, 
paraffin, or other cementing substance, or seal a glass ring to an ordinary 
slip to make a chamber over which the cover with the drop is inverted 

^Whipple, G..C. Loc aL p. 389. 
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and sealed. Special lorm.s of culture slides are also to be had from the 
supply houses. 

Slowing the movements or restricting the activities of ciliates and 
flagellates: Either (i) isolate in a small drop of fluid, e. g., a hanging 
drop, or (2) add a little cotton wool to the drop on the slide, or (3) 
thicken the medium by adding 2 per cent or 3 per cent gelatin, quince- 
seed jelly, cherry-tree gum, or 25 per cent gum acacia, or (4) add some 
anesthetizing agent. 

Anesthetization. (1) Spray alcohol, ether or chloroform on the water, 
or (2) drop small crystals of menthol on the water, or (3) add one of 
the following aqueous solutions to the organisms on a slide or in a dish: 
0.1 per cent nicotine, 0.1 per cent to 0.2 per cent chloral hydrate, 1.0 per 
cent cocaine hydrochlorate, 1.0 per cent cocaine hydrochloride, 1.0 
per cent magnesium sulphate, or magnesium chloride, or 0.1 per cent 
chloretone. Cole and Richmond^ state that 1 drop of 0.12 per cent 
chloretone added to a drop of equal size of culture containing paramecia, 
giving a concentration of about 0.056 per cent chloretone, will anes- 
thetize the paramecia in about ten minutes and will keep them quiet for 
two days or longer up to ten days. 

2. Associated Protozoa. Ectozoic Protozoa. Examine if pos- 
sible while these are still attached to their hosts. When this is impossible 
examine them in their native medium, which is, of course, that of their 
hosts. 

b. Endozoic Protozoa. Examine in the body fluids of the hosts or in 
some fluid which is isosmotic, or nearly so. Examine blood-inhabiting 
species in the blood itself by placing a drop of blood on the slide and 
covering with a cover glass, or dilute the blood with some saline diluent 
such as physiological salt solution. Ringer’s solution (to 100 c.c. of dis- 
tilled water add 0.8 gm. NaCl, 0.02 gm. CaCL, 0.02 gm. KCl, 0.02 gm. 
NaHCOjj and (optional) 0.1 gm. dextrose) ; Locke’s solution (to 100 
c.c. of distilled water add 0.9 gm. NaCl, 0.04 gm. KCl, 0.02 gm. CaCl2, 
0.001 to 0.003 gm. NaHCOa and 0.1 gm. dextrose) , or a solution made 
by adding 0.5 gm. of sodium citrate and 0.3 gm. sodium chloride to 100 
c.c. of distilled water. Examine tissue inhabiting species by teasing out 
the tissues in one of the above saline solutions. 

Intestinal Protozoa. Feces or intestinal contents usually require dilu- 
tion before examination. In most cases, a sodium chloride solution of 
0.4 per cent to 0.6 per cent or Drbohlav’s® modified Ringer’s solution (to 
100 c.c. of distilled water add 0.6 gm. NaCl, 0.01 gm. KCl, 0.01 gm. 
CaCU, and 0.01 gm. NaHCOg) is preferable to stronger solutions, and 

® Cole, W. H., and Richmond, E. Froc. Soc. Exp. Biol. Med., 22: 231, 1925. 

®Drbohlav, J. J. Ann. de ParasitoL, Hum. et Comp., 349, 1925. 
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Cleveland^ states that 0.2 per cent sodium chloride is better for the 
Protozoa in certain tropical termites. 

Kirby^ recommended 67 per cent Locke’s solution as an observation 
medium for other flagellates of termites. For prolonged observation of 
intestinal Protozoa, the cover glass should be ringed with vaseline, soft 
paraffin or paraffin oil to prevent evaporation. The amount of dilution 
should be adjusted to allow plenty of light to pass through for micro- 
scopic observation. The exact amount can best be determined by expe- 
rience. It may be noted that when intestinal and other endozoic Proto- 
zoa are examined in a saline medium without ringing the cover glass, 
they will frequently become immobilized when they approach the edge 
of the cover. Such gelated specimens of ciliates and flagellates often re- 
veal the number and character of their locomotor organs which can be 
made out only with difficulty in the motile animal. Examination with the 
dark field will aid in determining the number of flagella of flagellates. 

Warm-blooded Host-in ha bit mg Protozoa often quickly lose their mo- 
tility or degenerate when the temperature is reduced below that normal 
for the hosts. For maintaining a constant temperature, use a warm stage 
or place the microscope in a warm box. There are several types of warm 
water and electric warming stages on the market. 

3. Intravitam Staining. Intravitam staining methods are equally 
applicable to free-living and associated Protozoa. For free-living forms, 
the dyes are usually dissolved in distilled water or in the native medium 
of the organisms, while for endozoic species they are dissolved in physio- 
logical salt solution. The agents used are either finely divided particles 
in suspension or basic dyes. 

Methods for Food Vacuoles in Ciliates. Demonstrate by placing non- 
toxic colored particles, such as finely divided carmine or finely divided 
carbon (“Chinese ink” or “India ink”) into the culture medium. Such 
colored particles are often ingested in the same way that food particles 
are and the food vacuoles thus become readily visible. 

The acidity or alkalinity of the food vacuoles may be demonstrated 
by neutral red (1-50,000) which becomes a cherry-red color at the acid 
end and yellow toward the alkaline end of its color range, or by phenol- 
sulphonphthalein^ which is pink in alkaline and yellow in acid con- 
ditions. 

Methods for Contractile Vacuoles. To see the contractile vacuoles of 
Paramecium discharge outside of the body, place the animals into a very 

Cleveland, L. R. BfoL 48: 282, 1925. 

® Kirby, H. Univ. Calif. Fub. in ZooL, 29: 25, 1926. 

** Shipley, P. G., and DeGaris, C. F. Science, 62: 266, 1925. 
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dense suspension of carbon particles in a small drop of water on a slip 
and cover with a cover glassd^^ 

Methods for Other Cy t op las?nic Structures. Stain mitochondria in 
Protozoa as in Metazoa with Janus green or Janus green B, diluting 1 to 
10,000 or even 1 to 500,000.^1 Use neutral red in concentrations of 1 to 
10,000 or weaker to give a diffuse cytoplasmic stain or to stain various 
structures selectively, for example Golgi bodies in gregarinesi^ and sap- 
filled vacuoles of Dinoflagellatesd^ 

Basic dyes appear to stain more readily intravitam than do acid dyes. 
Balfii tested a number of dyes and gives the following list with the mini- 
mum concentration that would stain the cytoplasm of Paramecium and 
the toxicity as indicated by the percentage of animals dead at the end of 
one hour: 


Dyes 

Minimum Concentration 
That Will Stain 
Paramecium 

Toxicity: Per Cent 
Dead in 

One Hour 

Bismarck brown 

I to 1 50,000 

0 

Methylene blue . . 

I to 100,000 

5 

Methylene green 

I to 37^500 

5 

Neutral red 

I to 150,000 

3 

Toluidine blue 

I to 105,000 

5 

Basic fuchsin 

I to 25,000 

30 

Safranin 

1 to 9,000 

30 

Aniline yellow 

I to 5,500 

0 

Methyl violet 

I to 500,000 

20 

Janus green B 

I to 180,000 

40 


Additional intravitam dyes useful for Protozoa are brilliant cresyl blue 
(i to 50,000) , Nile blue (i to 30,000) and rhodamine (1 to 20,000) 
Azur i, indulin, and Victoria blue in concentrations of 1 to 100,00 up to 
1 to 200 , oog;!*-* and a new stain, “spirsil,’* in concentrations of 1 to 32 or 
1 to 64, as recommended by Vargaii'^ 

III. Temporary Killing and Staining Methods 

Intravitam dyes, in strong concentrations, may often serve as both 
killing and staining agents. (1) Janus green B: add one drop of a 0.5 
^" Jennings, H. S. ZooL Anz., 27: 656, 1904. 

C’-aiisey, D. Tmm. /tm. M/cr. 44: 156, 1925. 

Joyet-Lavergne, P. Cornpt. Rend. Soc. de Biol., 94: 830, 1926. > 

Dangeard, P. Comp. Rend. Acad. de Sd., 177: 978, 1923. ' 

''Ball, C;. H. /nV;/. /ndi. 52: 68, 1927. 

'■’Becker, K. R. Biol. Bull,, ^o: 235-238, 1926. 

Riiiiijaiitzew, A., and Kedrowsky, B. 1: 189, 1926. 

V'arga, L. X/.sc//r. /. 43: 338, 1926. 
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per cent stock solution to lo to 20 drops of water (free-living forms) 
or salt solution (parasites) and either mix with the Protozoa on the slide 
or place it at one edge to be drawn under the cover by capillarity^^ 
(2) Use alcoholic solutions (saturated) of methylene blue, methyl green, 
gentian violet, safranin and other dyes diluted to various strengths in 
water in the same manner as the Janus greend^ 

Writing fluids nmy be also employecU^ for staining classroom material 
(Paramecia) . Place a drop of culture on a slip and stir in a small quan- 
tity, “a dab or two” of Sanford’s red ink with a toothpick. Put the cover 
glass in place and after four or five minutes add Waterman’s ink from a 
fountain pen at one side of the cover glass. As the Paramecia come into 
contact with the blue ink they discharge their trichocysts, the cytoplasm 
becomes red, the cilia a “flame” color and the trichocysts blue. The nu- 
cleus usually stains also. While somewhat capricious, this method gives 
some very intei'esting results. 

Iodine has long been used for killing Protozoa for quick examination. 
(1) Lugol’s solution (Potassium iodide, 6 gm., iodine, 4 gm., water, 100 
c.c.) is commonly employed. Dilute this stock solution 1 to 5 or 1 to 10 
with water and then mix with the organisms on the slide or add at one 
side of the cover glass. (2) Dilute a saturated solution of iodine in alco- 
hol containing 3 per cent potassium iodide with water and use in the 
same way.^i 

Osmic acid, either in the form of vapcjr or in a 1 per cent aqueous 
solution is frecjuently used for treating Protozoa for temporary examina- 
tion. (1) Invert the .slide with the Protozoa on it over the mouth of a 
bottle or other vessel containing a i per cent solution of osmic acid and 
the vapor will kill the organisms in a few seconds, or, (2) mix a drop 
of the solution with the organisms on the slide. Causey^^ recommends the 
following for class use: centrifuge the culture; pour off the supernatant 
fluid and add a few drops of a 1 per cent solution of osmic acid so that 
the resulting mixture will be about a I/2 per cent solution of osmic; add 
a little distilled water, and the material is ready for distribution to the 
class. If permanent mounts are desired, prolong the fixation for one-half 
to one hour. 

Copper Salts. Treat Paramecium and other Protozoa with 1 per cent 
or 2 per cent aqueous solutions of copper sulphate, copper acetate, copper 

Hogue, M. J. Stain Technology, 1: 35, 1926. 

'’‘Hausiiian, L. A. 54: 333, 1920. 

-^'Halter, C. R. Science, 60: 90, 1925. ' 

Haiisman, L. A., loc. cit. p. 395. 

‘"C^ausey, 1). Science, 62: 113, 3925. 



530 MICROSCOPICAL TECHNIQUE 

chloride or copper bichromate for temporary examination. Little or no 
distortion results. 

Alcohol. To demonstrate the pellicle of Paramecium and other cili- 
ates, apply a 35 per cent solution. The pellicle is raised up in blistei^s. 

Methods for Nuclei. (1) Methyl green and acetic acid: use a o.s per 
cent to 0.5 per cent solution in 1 per cent acetic acid. Add at one side of 
the cover glass on the slide and it will diffuse under, killing the organ- 
isms that it may reach and staining the nuclei. (2) Methyl green in 
alcohol: use a 0.5 per cent solution in 50 per cent or yo per cent alcohol. 
Employed as the acetic acid mixture this sometimes gives better results. 
(3) Aceto-carmine (p. 612) : use as the methyl green solutions. It kills 
and provides a selective nuclear stain. Copper salts may be combined 
with the methyl green-acetic, as follows: to 100 c.c. of dist. water add 
copper acetate, 0.5 gm., copper chloride, 0.5 gm., glacial acetic acid, 
1.0 c.c. and methyl green, 0.2 gm. 

Noland's^^ stain for flagella and cilia. Moisten 20 mg. gentian violet 
with 1 c.c. water, then add sat. aq. sol. phenol in water, 80 c.c., 40 per cent 
formaldehyde, 20 c.c., and glycerin, 4 c.c. Mix a drop of this reagent 
with a drop of culture to be examined. 

IV. Permanent Mounts 

I. General Section, a. General Direciiofis. The methods for mak- 
ing permanent mounts of any kind of Protozoa need to be adapted to the 
nature of the organisms, their habitat, and the special results desired. In 
general, it is not advisable to limit oneself to any one method of pro- 
cedure. Different methods reveal different structures and where a full 
knowledge is desired, as many varied methods need to be employed as 
will reveal the greatest number of structural details. 

Surface Scums of Cultures. If the culture bears a surface scum in 
which the Protozoa may be more or less entangled, drop a clean cover 
glass on the scum, then lift it up with forceps, keeping it horizontal, and 
a section of the scum will adhere to the under surface. Tilt the cover 
and drain off excess water on a piece of filter paper, then drop, scum 
side down, on the surface of the fixative which has been placed in a con- 
venient container. Invert the cover in the fixative, bringing the scum 
side up, before it can drop to the bottom of the container and handle in 
this position until it is cleared and ready for mounting on a slip. 

Albumen Smears. There are two ways of preparing albumen smears 
of free-living forms. (1) Smear a slip or cover with egg albumen, either 
fresh or in the form of Mayer’s albumen fixative, and place a drop of the 
Noland, L. E. 67: 535, 1928. 
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culture on this smear. Allow the culture fluid to evaporate until there 
is only a thin film. Then drop the smear, film side down, on the fixative 
and handle as indicated above. (2) Fix the organisms by pipetting them 
into the fixative in a test tube or bottle. When they have settled to the 
bottom decant or pipette off the fixative and pour in the washing fluid. 
By successively allowing the organisms to settle, or centrifuging, then 
decanting and pouring in the next fluid, carry the fixed specimens 
through graded alcohols to about 85 per cent alcohol, and then affix to 
a slip or cover as follows: Smear the slip or cover with a thin layer of 
albumen, then pipette a small drop of the alcohol containing the or- 
ganisms on to the smeared surface. The alcohol spreads rapidly, dis- 
tributing the contained specimens, and coagulates the albumen. Allow 
to evaporate a little, but before drying can occur, place the slide or cover 
in a dish of 90 per cent or higher strength of alcohol for further harden- 
ing of the albumen, after which the specimen is handled as a whole ob- 
ject, as indicated previously. 

Handling in Bulk. Instead of making albumen smears, leave the or- 
ganisms in the tubes or vials in which they are fixed through the entire 
series of steps up to clearing, concentrating at the bottom for each change 
of fluid either by sedimentation or by centrifuging. Mounting requires 
care. It is best to add thick balsam to the specimens in their container. 
A small drop of the thick balsam containing specimens is placed on a 
slip, then a drop of thinner balsam placed on this, and the cover glass 
applied. The thinner balsam will spread to the outer edge of the cover, 
and the organisms will stay nearer the middle. If the number of speci- 
mens is small it is best to transfer them in xylol to a watch glass and 
carry out the further steps under a dissecting binocular microscope. For 
the larger Protozoa it is well to support the cover with pieces of cover 
glass or fine glass rods. 

Fixing and Stainmg on a Slip. Place a drop of water or culture 
containing the organisms on a slip and before the cover glass is applied, 
place a white cotton thread slightly longer than the width of the cover 
glass across the slip in one edge of the drop. Place an additional bit of 
thread on the other side of the drop to keep the cover level and put the 
cover in place. If, on examination, it is desired to fix and stain the or- 
ganisms present, apply a blotter or other absorbent paper to the side of 
the preparation nearest the long piece of thread, to take up any excess 
water, then apply the fixative at the opposite side and draw under by 
withdrawing fluid with the blotter on the side with the thread. The 
entire series of processes of fixation, washing, staining, dehydration, clear- 
ing and mounting can be carried out without moving the cover. Clear 
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with clove oil or similar oil, after 95 per cent or absolute alcohol, and 
follow with xylol and then damar or balsam.^^ 

Washingy Dehydration, Etc. After fixatives containing alcohol, wash 
out in 50 per cent or 70 per cent alcohol. Wash out aqueous fixatives 
with water. It is customary to put iodine in one of the washing fluids if 
the fixative has contained mercuric chloride. The writer finds that the 
iodine treatment of smears can be dispensed with if the washing can be 
prolonged for twenty-four hours or more, and the washing fluids changed 
several times. If the time of washing is to be short, the iodine treatment 
is advised, usually in the form of Lugol’s solution added to the 70 per 
cent alcohol, 1 c.c. or 2 c.c. to 100 c.c. of the alcohol. Extra hardening 
in alcohols higher than 70 per cent is unnecessary with most of the fixa- 
tives mentioned below. 

Downward steps from higher alcohols to water are usually accom- 
panied by strong diffusion currents unless the changes are gradual. If it 
is inconvenient to employ the drop method (p. 254) , smears may be 
passed through the following grades of alcohol: 70 per cent, to 50 per 
cent, to 30 per cent, to 10 per cent, to water, to stain. One to five minutes 
in each alcoholic solution is usually sufficient. After staining and washing, 
fewer steps are necessary for dehydration: e.g., water, to 30 per cent, to 70 
per cent, to 95 per cent, to absolute alcohol or a clearing oil, to xylol, to 
balsam. Dioxan may be substituted for the alcohols and clearing oil. 
Damar may be substituted for Canada balsam and is preferred by many 
workers (p. 618) . 

Mounting Individual Specimens. Bowen’s method.^® Transfer the 
stained organisms from alcohol to ether-alcohol for one to several hours, 
then into thin collodion for twenty-four hours or less. Pour the collo- 
dion with the organisms into a flat dish and separate the individuals with 
a needle or probe. When partly hardened by evaporation, complete the 
hardening with chloroform vapor. Remove the thin sheet of collodion 
and cut into blocks, each containing a single specimen. These blocks 
can then be cleared in cedar wood oil and mounted in balsam. 

Mueller’s Method.^^’ Transfer individual specimens from 95 per cent 
alcohol to a drop of euparal on a slip. Warm over an alcohol lamp or 
electric bulb and orient with a needle. Allow this to harden for a week 
out of reach of dust, then add a little fresh euparal and a cover glass. 
The hardened layer of euparal prevents any injury to the specimen in 
case the cover glass is broken. This method is especially advantageous 
for class room material. 

"*Tozer, E. J. Roy Soc., p. 24, 1909. 

Bowen, W. K. Trans. Am. Micr. Soc., 42: 156, 1923. 

3 '**’ Mueller, J. F. Trans. Am. Micr, Soc., 45: 54, 1926, 
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b. Fixation. For any particular kind of Protozoa, the best fixatives 
can be determined only by experiment. In most cases a number of dif- 
ferent fixatives need to be employed to bring out the different structural 
details. For example, in various species of Trichomonas it has been 
found that Janicki’s parabasal body will not stain after Schaudinn’s fixa- 
tive, but will stain after chromic acid or osmic acid mixtures without 
acetic acid. Most of the standard cytological and histological fixatives can 
be used for Protozoa, but there are some which have come to be re- 
garded as especially valuable for this group. Most of these are best used 
warm, and the fixation will be completed in a few minutes to an hour 
unless some special method like that for Golgi bodies is being used. When 
one is dealing with a piece of tissue, an hour or longer should be allowed. 

Sublimate Mixtures. Schaudinn’s fluid was originally made by tak- 
ing 2 parts of a saturated aqueous solution of mercuric chloride and 
adding i part of absolute alcohol. Maier^”^ took 200 c.c. of distilled water 
and added 1.2 gm. of sodium chloride, 10 gm. of mercuric bichloride, 
and 100 c.c. of absolute alcohol. Nowlin^s makes Schaudinn’s by adding 
20 parts of absolute alcohol to 80 parts of a saturated solution of mercu- 
ric bichloride. Calkins^"'^ uses a saturated solution of mercuric chloride 
in 95 per cent alcohol. Most workers add from 1 to 5 parts of glacial 
acetic acid before using. Wemich and Geiman*^^ dilute the original 
Schaudinn’s solution with an equal amount of distilled water, then add 
2 to 5 per cent of glacial acetic acid. Another valuable modification is 
to use equal parts of original Schaudinn’s solution and 2 per cent chro- 
mic acid, then add 5 per cent of glacial acetic acid. Since Schaudinn’s 
fluid has become so generally employed for Protozoa it is recommended 
as a standard routine fixative, but for any complete investigation it 
needs to be supplemented by others. 

Other sublimate mixtures which give results comparable to those 
given by Schaudinn’s fluid are (1) sublimate-acetic (p. 557) and (2) 
Worcester’s fluid (p. 557). These and Schaudinn’s fluid are best used 
hot. In a series of tests made for the writer by Scott, the best fixation 
was obtained at 45 °c. 

Picric Acid Mixtures. Bonin’s fluid (p. 560) is a very useful fixative 
for Protozoa, as are many of its modifications, such as Allen’s Bg (p. 561) 
and that of WetzeF^ who takes 3 parts of a concentrated solution of 

Maier, H. N. Arch. f. Protistenk., 2: 73, 1903. 
y® Nowlin, N. J. ParasitoL, 3: 143, 1917. 

Calkins, G. N., and Bowling, Rachel C. Biol. Bull., 51 : 389, 1926. 

®®Wenrich, D. H., and Geiman, Q. M. Stain Technology, 8: 158, 1933. 

''^WeVic\, A. Arch. f. Protistenk., 1^2^. 
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picric acid to i part of formol and i part of acetic acid. Brazil’s^^ alco- 
holic modification is as follows: 


Picric acid i.o gm. 

8o per cent alcohol 150.0 c.c. 

Formol (full strength) 60.0 c.c. 

Glacial acetic acid 15.0 c.c. 


Picro-acetic is made up in various ways (p. 562) . Dobelh^*^ added 1 
part of glacial acetic acid to 3 parts of a saturated solution of picric acid 
in 90 per cent alcohol. 

The writer finds Hollande’s fluid useful especially for certain flagel- 
lates. It is made up as follows: 


Picric acid 4.0 gm. 

Copper acetate 2.5 gm. 

Formol 10.0 c.c. 

Glacial acetic acid 1.5 c.c. 

Distilled water 100.0 c.c. 


Hollande washed pieces of tissue in water, but the writer finds 50 per 
cent alcohol satisfactory for washing smears after this fixative, as with 
the other picric acid fixatives just given. 

Picro-rnercuric Mixtures. Yocum^^ used the following: 


Bichloride of mercury 2.0 gm. 

Picric acid 1.0 gm. 

Alcohol, 95 per cent 110.0 c.c. 

Ether 20.0 c.c. 

Glacial acetic acid 20.0 c.c. 

Formol 50.0 c.c. 


Chromic Acid, Osrnic Acid, and Other Mixtures. Chromo-acetic (p. 
558), Champy’s fluid (p. 560) , Flemming’s fluids (p. 559), Hermann’s 
fluid (p. 560) and 1 per cent or 2 per cent osmic acid are all more or 
less used in the investigation of Protozoa. Some additional fixatives will 
be mentioned in the special section to follow. 

c. Stainmg. The stains that one employs in any particular case need 
to be adapted (1) to the kind of animal to be stained, (2) to the fixa- 
tive which has been used and (3) to the special purposes to be served. 
It is usually desirable to employ a number of different stains to gain a 
full knowledge of the structures of Protozoa. 

Iron Alum Hematoxylin and Modifications. Heidenhain’s method 
is fully described elsewhere (p. 613) . It is probably the most generally 
Brazil, h. Arch. de Zool. Exp^r. et gen., igor^. 

"^Dobell, C. Arch. /. Protistenk., 54: 139, 1914. 

Yociini, H. B. Univ. of Cal. Pub. in ZooL, iS: 337, 1918. 
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useful single stain that may be employed for Protozoa, especially for the 
smaller forms and for sections of the larger ones. In general, the writer 
finds that the longer methods (twenty-four hours) give the best results, 
but briefer methods are often useful, e.g., mordant fifteen to thirty 
minutes, wash, and stain the same length of time; wash and destain as 
usual. If the fluids are kept at incubator temperature, these short periods 
will give better results. 

RegaucVs Hematoxylin, Dissolve i gm. of hematoxylin in a mixture of 8o c.c. 
of distilled water, lo c.c. of glycerin and lo c.c. of absolute alcohol. Stain as with 
Heidenhain s after mordanting with 4 per cent or 5 per cent iron alum. 

Kofoid and Stuezy's Alcoholic Modification^'^ Mordant ten minutes in a 4 
per cent solution of iron alum diluted with 10 parts of 50 per cent alcohol; rinse 
in 50 per cent alcohol; stain ten minutes to one hour in a 0.5 per cent solution 
of hematoxylin diluted with ten parts of 70 per cent alcohol. Differentiate in the 
iron alum; wash in 50 per cent alcohol or in water for two hours; dehydrate, 
clear and mount. 

DohelVs alcoholic hernatein modification.’*^ From 70 per cent alcohol, place 
slides or smears in a 1 per cent solution of iron alum in 70 per cent alcohol for 
ten minutes or longer. Rinse again in 70 per cent alcohol and place in a i per 
cent solution of hernatein in 70 per cent alcohol for ten minutes or longer. Rinse 
again in 70 per cent alcohol and differentiate in the alcoholic iron alum solution 
or in 0.6 per cent hydrochloric acid in 70 per cent alcohol. Wash thoroughly in 
70 per cent alcohol, dehydrate, and mount. 

Other hematoxylin stains frequently used for Protozoa are Delafield’s hema- 
toxylin (p. 613), Ehrlich’s hematoxylin, Mallory’s iron chloride hematoxylin 
(p. 613) and Mayer’s hemalum (p. 613), 

C oiinters tains frequently used after hematoxylin stains. Among 

those more commonly employed are: eosin, erythrosin, orange G, methyl 
green, light green, fast green FCF, acid fuchsin, Bordeaux red. 

The Carmine Stains. Alum cochineal (p. 612), alum carmine (p. 
612) , borax carmine (p. 612) , picro-carmine (p. 61 1) , are also useful for 
staining Protozoa. 

Polychrome Stains. Mallory’s tricolor stain is frequently used, espe- 
cially for sections. Sharp^'^ used the following modification. After fixing 
in Zenker’s solution and washing in water the preparation is treated 
thus: 

Seconds 


(1) fuchsin S, 0.5 per cent aq. solution. forty-five 

(2) distilled water five 


Kofoid, C. A., and Svvezy, O. Proc. Am. Acad. Arts Af Sc., 51: 289, 1915. 
Dobell, C. Xoc. cit„ p. 534. 

Sharp, R. G. C/nw. CaL m ZooZ., 13: 43, 1914. 
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Seconds 


(3) phosphomolybdic acid, 1 per cent ...sixty 

(4) fresh distilled water five 

(5) aniline blue, orange G and oxalic acid sixty 

(6) distilled water ten 

(7) 95 alcohol one 

(8) absolute alcohol one 

(9) carbol-xylol one 


(lo) xylol to complete clearing, then mount. 

Giemsa's Stain, Wet Method. After fixation (e. g., in Schaudinn's fluid) 
wash and treat for ten minutes with a 0.5 per cent solution of sodium thio- 
sulphate; wash in distilled water and stain several hours or overnight in Giemsa’s 
stain (pp. 543, 588), diluting the stock stain 1 drop to 1 c.c. of neutralized dis- 
tilled water or a buffer solution of pH 6.75. It is well to renew the stain after the 
first hour or two. The slide should be placed in the stain at an angle, with the 
smears or sections downward. Rinse in tap or buffered water, then dehydrate 
and clear by the following acetone-xylol steps: (1) pure acetone, 95 parts, xylol, 
5 parts; (2) acetone, 70 parts, xylol, 30 parts; (3) acetone, 30 parts, xylol, 70 
parts; (4) pure xylol; then mount in neutral balsam.®^ 

Short Giemsa Method (p. 543). Fix wet smears in equal parts of methyl 
alcohol and ether; transfer to Giemsa’s stain, 1 drop of stock stain to 15 c.c. of 
neutral or buffered distilled water for eight to ten minutes; wash in distilled 
water till pink color appears; dry in air and mount immediately in balsam. 

Mann's Methyl Blue-eosin Method. The stain is prepared by mixing to- 


gether: 

1 per cent methyl blue in distilled water 35 c.c. 

1 per cent eosin in distilled water 45 c.c. 

Distilled water joo c.c. 


Arndt'^* modifies this by taking 3 parts of distilled water and adding 1 part of the 
1 per cent methyl blue and 1 part of the i per cent eosin. (Note: methyl blue is 
used, not methylene blue.) 

Shorter method of staining: transfer sections or smears from water to the stain 
for five to ten minutes, depending on the special needs, the thickness of the 
sections or smears, and the fixative used. Rinse in water, dehydrate, clear and 
mount. 

The longer method, as employed by Dobell.*” Stain four to twelve hours, 
wash in distilled water, then differentiate in a solution made by adding a few 
drops of saturated orange G to 100 c.c. of 70 per cent alcohol. Wash in water, 
dehydrate with graded alcohols, clear and mount. 

Alcoholic Eosin’inethylene Blue Method.*^ From absolute alcohol place in 
1 per cent alcoholic eosin for one minute; wash in water; stain for one minute in 

’'‘*Wenyon, C. M. Protozoology. Lond,, 1926. 

Arndt, A. Arch. f. Protistenk., 1, 1924. 

Dobell, C. The Amoebae living in Man. Lond., 1919. 

R. K. S, ()iiart. J. Micr. Sc., 6^: ^4^1, 1919. 
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1 per cent methylene blue in distilled water; wash in water; dry slide with a 
cloth or blotter, but leave tissue moist, differentiate quickly in absolute alcohol; 
clear in xylol or benzol and mount in balsam. 

Methods for Mitochondria in the Protozoa are the same as the methods used 
for Metazoa (p. 265), or the following method of Causey^^ may be employed. 
Fix one to two hours in 1 per cent osmic acid or in osmic vapor and stain as 
follows: mordant in 5 per cent iron alum for thirty to forty minutes; rinse in 
distilled water, stain in Regaud’s hematoxylin (p. 535) thirty to forty minutes; 
wash in w^ater and destain in the 5 per cent iron alum, watching under the 
microscope. The time for destaining will vary with the size and species. 

Methods for Golgi Bodies. King and Gatenby^'* demonstrated Gogli bodies 
in Opalina by the following method: Fix the host’s rectum for twenty-four hours 
in Champy’s fluid (p. 560); wash under the tap for twenty-four hours, then cut 
into small pieces and keep in 2 per cent osmic acid for four days at a tempera- 
ture varying from 30° to 60° C). Wash the pieces in distilled water, dehydrate, 
imbed, and make thin sections. Mount the sections unstained. (For the method 
of Nassonov, see p. 550.) 

d. Sectioning. The general principles for sectioning Protozoa are the 
same as those for sectioning tissues of the Metazoa (see Part i) . When 
Protozoa occur in the tissues of host animals, these tissues are handled 
just as other tissues are. Free-living Protozoa are usually sectioned en 
masse, i.e., a large number concentrated together, or as single individuals. 

Sectioning en masse. The chief problem here is that of concentra- 
tion. For this purpose, all steps up to clearing may be done by sedimen- 
tation or with the centrifuge. Clearing may be done with xylol, dioxan 
or with chloroform for paraffin imbedding. There are a number of 
methods of handling. 

(1) Transfer the concentrated group of Protozoa with a pipette from xylol 
to a paper boat made by folding heavy paper into a small rectangular open box. 
Lower this box or boat into melted paraffin. Several changes of paraffin are 
advisable to insure the removal of all the xylol. 

(2) Make a mold in hard paraffin with a brass rod which is square in cross 
section (Sharp) Into this mold run the melted paraffin containing the animals 
and allow to cool. The hard paraffin of the mold may be tinted by Sudan III to 
differentiate it better from the imbedding paraffin. 

(3) Ltifevre’s watch glass may be used for imbedding. This has a straight-sided 
groove at the bottom. Pour the melted paraffin containing the Protozoa into the 
watch glass and sweep the organisms into the groove with a small brush or other 
agent. After hardening, trim off the projecting ridge of paraffin from the groove 
and section. 

Causey, D. Loc. cit., p. 529, 

King, S. D., and Gatenby, J. Bronte. Qiiart. J. Micr. Sc., ^o: 217, 1926. 

Sharp, R. G. Loc. cit., p. 535. 
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(4) Calkins*" niethod. Fix ciliates in a test tube and add zoogiea from an old 
Paramecium culture. Shake the tube to mingle the ciliates with the zoogiea and 
again after each change of fluid through washing and clearing. There is thus 
obtained a well-matted mass which is stained in eosin to facilitate observation. 
Imbed in the same manner that a piece of tissue would be imbedded. 

Sectioning Individuals, Single individuals may be handled in a 
watch crystal or round bottomed vial under the dissecting microscope. 
Staining with eosin helps in the recognition of the animal. The individ- 
ual may be transferred from dish to dish with a pipette or may be left 
in one dish and the fluids changed with a pipette. 

Imbed in the small white porcelain dishes commonly used for water 
colors. From xylol in the vial or watch crystal, transfer the object to xylol 
in the dish. Replace xylol by melted paraffin which is prevented from 
hardening by gently heating the stage of the microscope with a small 
lamp. Make several changes of paraffin. In the final paraffin, orient the 
object in the center of the dish with a fine glass needle with a bead tip. 
The dish is set in ice water to a depth that reaches to the top of the dish 
without overflowing it. As the paraffin cools from the bottom up, addi- 
tional melted paraffin is added to prevent the depression that usually 
forms during cooling.^^* 

Collodion imbedding is sometimes used (see Part 1) and is described 
by Scott^'^ for sectioning Balantidium. 

Combined collodion and paraffin imbedding may be accomplished as 
follows: From alcohol transfer to alcohol-ether, then to ether, using the 
centrifuge and decanting the supernatant fluids. To the organisms at the 
bottom of the tube, add a drop or two of liquid collodion. When evap- 
oration has reduced this to the consistency of a thick syrup, the lenticu- 
lar drop is taken out and placed in alcohol-chloroform, then pure 
chloroform, then imbedded in paraffin 

2. Special Section, a. Intestinal Protozoa, Fresh Material. (For 
examination of living animals see pp. 526-527.) For examination of fresh 
material, dilute the intestinal contents or feces on a slip with a drop of 
saline solution and then treat with a 0.1 per cent to 0.5 per cent solution 
of eosin or with dilute iodine solution, or both together.^^ The eosin will 
stain nearly all the material in the preparation except the living Protozoa 
and their cysts, thus bringing them into relief against the pink back- 
ground. The iodine solution (LugoFs solution diluted about 1 to 10 

'‘"Calkins, G. N. J. Exper. Zool.j 27: 293, 1919. 

Fry, H. J. ilnat 34: 235, 1927. 

*" Scott, M. J. /. Morp/zo/. 49; 417, 1927. 

CoWm, IS. Arch, lie ZooL exper, et gen., 1 , 1912 . 

Donaldson, R. p. 571, 1917, 
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with water) will kill and stain the animals as well as stain the other 
objects, but will bring out the nuclei, the glycogen bodies in some of the 
protozoan cysts, and the motile organs of the vegetative ciliates and 
flagellates. Of these two methods, the iodine treatment is probably the 
more useful. McDaniels^^ emulsifies feces in a small drop of tap water, 
then adds an equal amount of a saturated solution of methylene blue 
in pure methyl alcohol. Nuclei of endamebae stand out as refractile or 
stained rings. 

Smears of intestmal protozoa for fixation and staining may be made 
either on slips or cover glasses. An effort is made to get a thin, even film 
which is not so fluid that it will wash off on fixation, and not so viscid 
that it will dry before it can be fixed. The best results can be secured 
only after some experience. In most cases there is enough coagulable 
material in feces or intestinal contents to cause it to adhere readily to the 
slip or cover upon fixation. Dilution with weak salt solution (p. 526) 
is usually required, but occasionally such material is so fluid or so lack- 
ing in coagulable material that egg albumen or saliva will need to be 
added. The writer finds a small, curve-pointed forceps a convenient tool 
for making smears, and usually makes them on cover glasses, passing 
them through the reagents in Petri dishes, 8 to 12 in a dish. Feces or 
intestinal contents may also be fixed in bulk and for the large ciliates of 
ruminants this is usually advisable. Such material may be handled in one 
or another of the methods described in the general section (pp. 530-532) . 

Fixation. Choice of methods depends on the animals and the spe- 
cial purposes to be accomplished. Hot Schaudinn’s fluid is most com- 
monly employed but should always be supplemented by other fixatives. 
Zenker’s fluid is sometimes used for subsequent staining with Mallory’s 
triple stain or wet Giemsa stain. Chromic or osmic mixtures are useful 
for bringing out special structures, such as parabasal bodies (p. 541) , 
mitochondria (p. 537) , Golgi bodies (p. 537) , etc. 

Staining. Heidenhain’s hematoxylin is the most generally useful 
stain except for the larger ciliates which should be stained with hem- 
alum, Delafield’s hematoxylin and similar stains or in Heidenhain’s 
hematoxylin destained with a saturated solution of picric acid. In these 
cases, appropriate counterstains may be used. More detailed methods for 
the ciliates are given further on p. 548. 

Washing Cysts, Mix thoroughly 5 to 10 gm. of feces in 100 to 200 c.c, 
of distilled water, sterile tap water or weak salt solution, then strain 
through several thicknesses of cheese cloth to remove coarser particles, 
and place the suspension in a tall vessel. The cysts and other heavier 
materials will fall to the bottom in two hours or more, when the super- 
McDaniels. 79; 188, 1935. 
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natant fluid is poured off and fresh fluid is poured on and thoroughly 
stirred up. Allow to settle again, pour off the supernatant liquid, and 
pour on fresh fluid. Continue the process until the supernatant liquid 
is clear. The process may be hastened by using smaller quantities in a 
centrifuge. This method does not kill the cysts. 

Boeck's Concentratioji Method. Place i gm. of stool in 50 c.c. of 
normal salt solution and thoroughly stir with a Hamilton-Beacli “Cy- 
clone” electric mixer for ten minutes. While still stirring, add 5 c.c. of 
ether. Cease stirring when the emulsion begins to foam the second time 
(i.e., 2 to 3 minutes longer) . Quickly transfer to a separatory funnel and 
allow to stand for five to seven minutes. Draw off 15 c.c. of fluid at the 
bottom of the funnel and centrifuge for three minutes at 1600 revolu- 
tions per minute. Draw off the supernatant liquid and examine the 
residue.^*^ The stirring may be done with a rod or woven-wire ladle held 
in the hand, but requires a much longer time. 

De Rivas' Concentration Method. Place 1 or 2 gm. of feces in a test 
tube and add 5 to 10 c.c, of 5 per cent acetic acid. Closing the mouth of 
the tube with a rubber stopper or with the thumb covered by a sheet 
of rubber, shake the mixture vigorously till a more or less homogeneous 
suspension is produced. When feces are especially hard add a few glass 
beads to the material in the tube or break up the lumps with an appli- 
cator. Allow the suspension to stand for one-half to one minute during 
which time the acid appears to act on the fecal material, better preparing 
it for further treatment. It is well to filter the suspension through a 
double thickness of cheese cloth or through a finely woven copper wire 
mesh which can afterwards be cleaned by burning over a bunsen flame. 
Place about 5 c.c. of the suspension in an ordinary centrifuge tube and 
add an equal amount of ether. Close the tube and shake vigorously with 
the hand, holding the tube in a horizontal position. Next centrifuge for 
a few minutes. The material in the tube separates into four layers, the 
etlierial extract at the top, the detritus plug near the middle, the acetic 
acid solution below and the sediment at the bottom. This sediment will 
contain the cysts of Protozoa and the eggs of worms, yeasts, and similar 
bodies.^^ 

Intestinal amebae are best fixed in Schaudinn’s fluid or other sub- 
limate mixtures. An exception is Dientamoeba fragilis which, in the 
writer’s experience, stains better after Bouin’s or with Schaudinn’s to 
which 10 to 20 per cent of glacial acetic acid has been added. The writer 
has also found that picromercuric will produce more “budding” on the 
cysts of certain amebae than will Schaudinn’s. Tire most useM stain for 

®^ Boeck, W. C. XJniv. Cal. Pub. in ZooL, i8: 145, 1917. 

®®De Rivas, D. Am. J. Tfop, Med.l 8: 65, 1928. 
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both vegetative stages and cysts is Heidenhain’s hematoxylin, with or 
without counterstains. 

Intestinal Flagellates. Fix in Schaudinn’s, either full or one-half 
strength, or with chromic acid (see p. 533) , Bouin’s, or Hollande’s mix- 
tures for ordinary work. The writer has found the last one especially 
good for Giardia. For special structures like the parabasal body in 
Trichomonads, use chromic acid or chrom-osmic mixtures without acetic 
acid. Stain with Heidenhain’s hematoxylin and counterstain with Bor- 
deaux red, eosin, or light green and acid fuchsin. For staining the flagella 
see p. 547 or stain with Giemsa after making a thin dried smear. 

Intestmal Ciliates. In most cases smears may be made in the usual 
way but the material from ruminant stomachs does not smear well unless 
albumen or saliva is added. For these ciliates, fixation in bulk in hot 
fixatives is recommended. These can then be treated as indicated in the 
general section (p. 530) . Fix with the sublimate, picric acid, or chrom- 
osmic mixtures, and stain small forms with Heidenhain’s hematoxylin 
followed by Bordeaux red, eosin, or other counterstain. Stain the larger 
ciliates with hemalum, Delafield’s hematoxylin or similar stains and 
counterstain as with Heidenhain’s. While Heidenhain’s does not usually 
do so well with larger forms, good results can usually be obtained by 
destaining with a saturated solution of picric acid. 

For finer details section the larger ciliates (pp. 548-550) . Where the 
host is small, e.g., a frog, the intestine may be fixed and sectioned. In 
the case of Ruminants, fix the ciliates en masse and then handle by 
methods previously given (p. 531). Scott preferred imbedding Balanti- 
dium in collodion to paraffin for sectioning. Where the ciliates invade 
the tissues of the host (Balantidium coli) fix and section the tissues 
before staining. 

Intestmal Sporozoa: Gregarinida. Gregarines are limited to inverte- 
brate hosts but are not confined to the digestive tract of the hosts. How- 
ever, since a majority do occur in the digestive tract, and all may be 
treated by the same general technique, they will be considered here as a 
unified taxonomic group. While gregarines are coelozoic through most of 
their development, they are frequently intracellular in the earlier stages, 
and even in later stages may remain attached to the host’s tissues by 
special hold-fasts. Hence to get all stages and to see the relation of the 
parasites to the host’s tissues, it is well to fix the parasitized organs and 
section them. Smears may be made in the usual way and are necessary 
for study of the entire animals. 

Fix smears with sublimate or picric acid mixtures and stain smaller 
forms with Heidenhain’s and larger forms with Delafield’s or Ehrlich’s 
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hematoxylin followed by eosin or other counterstain.^^ Berlin stained 
thin sections of monocysted gregarines with Hansen’s hematoxylin, picro- 
fuchsin, Giemsa’s stain and Heidenhain’s hematoxylin, with counter- 
stains of Bordeaux red, orange G, and safranin plus light green. 

Intestinal Sporozoa: Coccidia. These are intracellular parasites but 
occur most commonly in the intestinal epithelium of their hosts and the 
oocysts are discharged into the lumen of the intestine to mingle with its 
contents and the feces. In many cases, the oocysts are highly resistant to 
chemical action and cannot be fixed and stained as can the other stages. 
In these cases developmental stages within the oocyst must be watched 
in the living condition. This may readily be done if the oocysts are kept 
for a few days in a 2-5 per cent solution of potassium bichromate in a 
Petri or other shallow dish. For the intracellular stages make smears, 
fix and stain like fecal smears, or fix the host’s tissues, cut into pieces of 
convenient size, and section. These two methods are also advised for 
organs other than the digestive tract. Dobell'"’^ recommends Schaudinn’s, 
Bonin’s and Flemming’s fixatives for smears, and Bonin’s picro-acetic 
(p. 560) and sublimate-formol (3 parts of sat. aq. sol. of sublimate to 
1 part of full strength formol) for tissues for sectioning. He cautions 
against allowing sea water to come into contact with the tissues of the 
marine hosts with which he worked. The writer finds that one-half 
strength Schaudinn’s plus 5 per cent of glacial acetic acid is good for 
fixing coccidia in vertebrate intestines. For staining smears, Dobell 
recommends Delafield’s hematoxylin, hemalum, picrocarmine, borax 
carmine, alum carmine and safranin (after Flemming’s fixative) . For 
sections he prefers his alcoholic hematein (p. 555) , Heidenhain’s, Mal- 
lory’s iron chloride hematoxylin (p. 613) and others with counterstains 
of eosin, orange G, light green and Bordeaux red. 

h. Blood-inhabiting Protozoa, (For methods of obtaining blood and 
of making blood smears, see p. 32.) 

Thin films or smears are made in the usual way on slips or covers, an 
attempt being made to get an even film, so thin that the corpuscles will 
lie side by side but not overlie each other. The films are either dried at 
once, fixed before drying, or fixed in the cytological fixatives without 
drying. 

Fixation, Blood stains made up in methyl alcohol act both as a 
fixative and stain. Aqueous stains require fixation before staining. The 
fixatives most generally employed are ethyl alcohol (95 per cent to 100 
per cent) , pure methyl alcohol, or a mixture of equal parts of alcohol 
and ether. Fix for five to thirty minutes, depending on the material and 

Watson, M. 'E. Unw. 111 . Monographs, s: 2u, 1916. 

C. Parasitology^ i>j: i, 1925. 
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stain to be used. Fixation with osmic acid vapor for five to thirty seconds 
before drying, or with formaldehyde vapor for one to two minutes is 
preferred by some, or the vapor fixation may be followed by alcohol 
before drying. (For fixation without drying, see p. 331.) 

Staining. Before staining it is well to mark off the smear area on a 
slip with a wax pencil to prevent the stain from spreading over the en- 
tii'e surface. The aqueous stains which require previous fixation are 
Giemsa's, borax-methylene blue, and methylene blue-eosin. 

Giemsa's Stain. (For preparation of the stock stain, see p. 328.) For 
staining, dilute the stock stain by adding 1 drop to each cubic centimeter 
of neutralized distilled water or buffer solution of pH 7.65 and add to 
the previously fixed smears. To avoid precipitates forming on the blood 
film, float cover smears on the surface of the stain or place the slide 
smears in a dish of the stain with the film side down. For the latter 
purpose a Petri dish may be used, the slip being supported at one end. 
Stain for ten to thirty minutes, depending on the material; wash thor- 
oughly in tap water or buffer solution; dry and mount in neutral balsam 
or leave unmounted. 

Borax-methylene Blue (Manson). Dissolve 2 gm. of methylene blue in a 
boiling solution of 5 gm. of borax in 100 c.c. of distilled water. Upon cooling, 
this stock is ready for use. De Rivas®® dissolves 2 gm. of methylene blue in 10 c.c. 
of 95 per cent alcohol, then adds 100 c.c. of water and 5 gm. of borax. After 
shaking well he allows the mixture to stand over-night and then filters. For 
staining previously fixed smears, add 1 to 2 c.c. of the stock stain to 100 c.c. of 
distilled water. Stain one to several minutes, rinse thoroughly in water, dry 
and mount. 

Methylene blue-eosin is prepared as follows: 


Methylene blue, concentrated aq. solution 60 c.c. 

Eosin, 0.5 per cent in 75 per cent alcohol 20 c.c. 

Distilled water 20 c.c. 

Potassium hydrate (20 per cent) 12 drops 


Stain five to ten minutes, dry, and mount in balsam. 

Wright's Blood Stain. (For preparation, see p. 326.) Previous fixation 
is not required. Cover the blood film with the stock stain which is al- 
lowed to act as a fixative for one minute, then add distilled water, drop 
by drop, until a green scum begins to form on the surface. The amount 
of water added is usually about one-half the amount of stain, or not 
more than an equal amount. After dilution allow the stain to act for 
two to three minutes, then wash off thoroughly with distilled water, dry 
the film in the air and mount. 

®‘'De Rivas, D. Human Parasitology, Phila., 1920. 
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Leishmans stain may be purchased as a dry powder which is dissolved in pure 
methyl alcohol in the proportion of 0,15 gm. to 100 c.c. Allow this stain to act 
on a smear as a fixative for one-half to one minute, then dilute by two volumes 
of distilled water and allow to stain for two to five minutes longer. Wash off with 
distilled water, dry and mount. 

RiisseWs Combination Stain. Place the blood smear (on a slip) for two 
minutes in undiluted Wright’s stain (or other methyl alcohol blood stain); 
without washing place in a dish of tap water for three to five minutes; without 
washing transfer to dilute borax-methylene blue (1 c.c. of stock stain to 100 c.c. 
of water, made up fresh) for twenty to forty seconds. Wash quickly in tap water, 
dry and mount. This method combines the nuclear staining properties of 
Wright’s Stain with the cytoplasmic staining properties of borax-methylene blue.^'® 

Thick films are often made for diagnoses, when parasites are suspected but are 
few in number, and dehemoglobinized before staining. Take a large drop of blood 
and spread it on a slip over an area 16 to 18 mm. across, or make a series of 
smaller drops on a slip without much spreading and allow to dry thoroughly. 
Gently move the slip about in a glass containing a 2 per cent solution of 
formalin to which has been added 1 per cent of glacial acetic acid. After the 
color has disappeared, treat the slip in the same way in a glass of water to remove 
all traces of acid. Wash gently in distilled water and stain with dilute Giemsa’s 
stain (1 drop to 1 c.c. of neutralized distilled water) for twenty to thirty minutes, 
wash in distilled water and dry without heat or blotting paper (Stitt®’). Other 
stains can, of course, be used. 

Wet Films. Fix blood smears with the usual fixatives (Schaudinn’s, 
etc), then wash and stain either with polychrome stains (e.g., wet 
Giemsa, p. 536) or with hematoxylin stains, with eosin or other counter- 
stains. Rees'"*^ recommends as follows: make smears, dry them and im- 
merse in Schaudinn’s solution without acetic; or, fix wet with formalde- 
hdye fumes by placing in covered coplin jar containing a few cubic 
centimeters of full strength formalin, then treat with the Schaudinn’s 
solution; wash as usual and stain with Heidenhain’s hematoxylin or by 
the wet Giemsa method. Such preparaitons are thought to be better for 
cytological details. 

Relief Stains. Instead of staining the parasites, the background may 
be dyed, leaving the parasites clear on a colored background. This 
method is more especially useful for the plasma-inhabiting forms, such as 
the trypanosomes. (1) Mix a drop of fresh blood on a slip with a drop 
of a thick suspension of India ink and make a smear of this in the usual 
way, then dry and mount in balsam or examine with immersion oil 
without a cover glass. (2) Employ in the same way a saturated solution 
Russell, F. F. /. Atn. Med. Ass., 64: 2131, 1915. 

‘■^VStitt, E. R. Practical Bacteriology, Blood Work and Animal Parasitology. Ed. 7, 
Phila., 1923. 

Rem, . C. W. Science, fi: 134,,, 1930. , 
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of opal blue and similar stains (Bresslau^'-^) or nigrosin (Coles^^^) or a 
mixtuiT of 3 parts of a saturated solution of china blue to i part of a 
saturated solution of cyanosin which has been allowed to stand one day 
after sterilization by boiling.^i 

Herno flagellates. The methods given in the preceding paragraphs are 
applicable not only to flagellates found in the blood of their hosts, but 
also to related flagellates (Crithidia, Herpetomonas, Cryptobia) , found 
in the digestive tracts of invertebrate hosts and to tissue-inhabiting hemo- 
fiagellates such as Leishmania. In these cases either make dried smears 
and stain like blood films, or fix with the usual fixatives, and stain with 
cytological stains. The latter choice is usually made for the study of 
cytological details. Tissues may be sectioned and the sections stained by 
the usual methods. One additional method may be mentioned. 

Gold chloride method for myonemes of trypanosomes. Fix wet 
smears in Schaudinn’s fluid. After washing, leave for twenty-four hours 
in 1 per cent gold chloride. Wash in water, then place in i per cent 
formic acid and set in strong light until a purple-red color appears. If 
direct sunlight is available, two to three hours should suffice. Dehydrate 
in graded alcohols, clear in xylol and mount in cedar oil.^^ 

Hemosporidia. In addition to malarial organisms, other blood- 
inhabiting Sporozoa, including hemogragarines and piroplasms may be 
handled by the methods previously given. In most cases it is desirable to 
siipplement dried film methods by wet fixation and cytological staining. 

c. Sarcodina. Free-living Sarcodina (for endozoic amebae, see p. 540) 
are so different among themselves in size and organization that it is 
difficult to formulate general rules for their treatment. For cytological 
details they are usually fixed with sublimate, picric acid or chrom-osmic 
mixtures followed by staining of the smaller species entire with Heiden- 
hain’s, Delafield’s hematoxylin, or hemalum, with counterstains, or with 
wet Giemsa’s stain, Mallory’s triple stain or Mann’s methyl blue-eosin. 
Larger kinds may be stained entire with hemalum or Delafield’s hema- 
toxylin or sectioned and stained with Heidenhain’s hematoxylin or the 
other stains just given. 

Amebae, DobelD^ (p. 542) prefers staining with his alcoholic hema- 
tein (p. 535) after picric acid fixatives. Wiener^^ proceeds as follows: 

®*Bresslau, E. Arch. f. Protistenk., 63: 467, 1921. 

Coles, A. C. Watson's Microscope Rec,, p. 23, 1927. 

^Kisenberg, ZentralbL Bact., Ref., ^4: 145, 1912. 

Ogawa, M. /. Protistenk./HQ: 1913* 

Dobell, C. Loc. p. 542. 

E, Arch. f. Protistenk.j ^2'. 105, 1918. . 1 
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Spread culture aniebae on a slide and allow them to dry. Fix with alcohol, 
then place for five minutes in i per cent iodine; rinse in water and let drain. 
Stain one and one-half minutes in Loeffler's methylene blue (p. 137); rinse in 
water and drain, then one minute in a concentrated solution of eosin diluted 
with 3 volumes of water. Rinse the slide and mount in balsam. According to 
Beers, ^ rhizopods (Amoeba and Arcella) may be attached to a slip by allowing 
a drop of culture to remain on the slip for one-half hour; pour off the water 
and flood with cold Schaudinn’s solution. The animals will adhere to the slip 
which may now be washed and stained as for any smear on a slip. 

Foraminifera. Separate living Foraminifera from sand and debris by 
stirring up the collection mass in water and allowing it to settle for a 
brief time. The organisms will settle to the bottom of the container with 
other heavier material, but the finer particles will remain suspended and 
can be decanted off (Garptenter) 

Dead Shells. Carefully dry the collection mass in an oven, stirring 
several times, then sift into water. The air-filled shells should float on the 
surface of the water and the sand go to the bottom (Carpenter) . Or, 
thoroughly stir the collection mass into a vessel of water until everything 
that will sink has gone to the bottom. Place a teaspoonful at a time of 
the wet material in a saucer or similar dish, spread out and cover with 
water to a depth of about 5 mm. Rotate the dish carefully and the 
Foraminifera shells will come to the surface of the sand and can be 
removed with a ball pipette (Vorce) 

Thin sections of Foraminifera shells for the study of the finer details 
are prepared by grinding. Usually the shells are attached to a glass slip 
with hard balsam and ground on appropriate grinders much as teeth are 
ground (p. 353) . 

For cytological details prepare by fixing with the usual fixatives, 
decalcify with weak hydrochloric acid in 60 per cent alcohoF’''^ and stain 
entire with borax carmine, hemalum, Delafield’s, etc., or section and 
stain with Heidenhain’s with counterstains. 

Heliozoa. Fix with the usual fixatives and stain smaller forms entire 
with Heidenhain’s or Delafield’s hematoxylin, carmalum, borax carmine, 
or alum carmine.^^ Stain larger forms like Actinosphaermm entire with 
hemalum and similar stains or section and stain with Heidenhain’s 
hematoxylin with counterstains. Axopodia are best demonstrated by sil- 
ver impregnation methods^^ (p. 275) . 

Radiolaria, Separate skeletons from recent deposits by washing with 

Beers, C,D. Science, 72: 122, 1930. 

A® Carpenter, W. B. The Microscope and its Revelations. Ed. 8, Lond., igoi. 

®^Vorce, G, M. Am. Month. Micr., J. 1: 24, i88o. 

®®Schaudinn, F. Z^5c/2r. /. ZooU 59: 191, 1895. 

^ Zuelzer, M. Arch. f. Protist€nk., i^j: 135, 1909. 

Rinnjantzew, A., and Wermel, E. Arch. /. Frotistenk., 52: 217, 1925. 
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a gentle stream of water through sieves of various grades. The smallest 
skeletons will go through all the sieves, but will fall to the bottom of 
the receptacle and the finer suspended particles of dirt, etc., can be de- 
canted If Foraminifera shells are to be removed also, treat with 

dilute nitric acid. 

Fossilized deposits require repeated treatment with hot soda solutions 
alternated with drying. This treatment may destroy the more delicate 
skeletons (Earland) . 

For cytological details, fix skeletonless Radiolaria, or those with loose 
spicules, with sublimate mixtures, Flemming’s or Hermann’s fluids, 
then section and stain with Heidenhain’s or Kleinenberg’s hematoxylin, 
etc.'^*^ Stain animals with skeletons entire with hemalum or the carmine 
stains. 

d. Mastigophora. Animal flagellates can be treated for the most part 
by the methods described for the intestinal species (p. 541) • Hemoflagel- 
lates are treated in a separate section (p. 545) . One of the difficulties in 
the handling of flagellates is to get a good flagellar stain. For many 
forms the flagella can be demonstrated by making dried smears and stain- 
ing as for blood flagellates or by using the relief staining method (pp. 
544, 549) . Such preparations do not, as a rule, give good results for the 
remainder of the cell. Few methods will stain flagella and the other 
components of the cell equally well; the following gives fair results. 

Hollanders’^* Method for Demonstrating Flagella. Fix tissues or smears in the 
picro-formol-copper-acetate-acetic mixture already given (p. 534) for three to five 
days and wash in water for twenty-four to forty-eight hours. Sections (or smears) 
are then stained with Heidenhain’s in the usual way, using 3 per cent iron alum 
as a mordant. After the usual differentiation, place in 1 per cent aqueous eosin 
for two to twenty-four hours; wash several seconds in distilled water to remove the 
excess of eosin; place in a 1 per cent aqueous solution of phosphomolybdic acid 
for five to ten minutes; wash with tap water thirty seconds; place in 0.2 per cent 
to 0.5 per cent aqueous solution of light green for several seconds to one minute, 
according to the time in the eosin and phosphomolybdic acid; dehydrate rapidly 
in graded alcohols; differentiate in 96 per cent alcohol for one to ten minutes, 
examining from time to time under the microscope. Arrest the differentiation by 
placing in pure amyl alcohol in which dehydration is completed. A second bath 
in amyl alcohol is advisable. Clear by passing first into equal parts of amyl alcohol 
and xylol, then into xylol, and mount. 

Chrysomonadina. Fix in a mixture of 2 volumes of a saturated aqueous 
solution of boric acid and 3 volumes of a saturated solution of mercuric chloride 

Earland, A. Nature, /p. 110, 1922. 

'^^Huth, W. Arch. f. Protistenk., 30: 1, 1913. 

'^®Bogert, A. Zool. Jahrb. Abt. f. Anat. u. Ontog., 14: 203, 1900. 

N C. Arch, de Zool. exper. et. gen., 1920. 
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for three hours and wash in water^“ or fix with osmic vapor or Schaudinn’s fluid,™ 
and stain with Bordeaux red and Heidenhain’s or wet Giesma, or Mallory’s triple 
Stain. 

Volvofidae. Fix with Schaudinn’s or Flemming’s and stain with Heiden- 
hain’s wnth counterstains or with safranin and light green."^^ 

Euglenoids. For flagellum and gidlet fix one to three hours in Altmann’s 
fixative (p. 266) and stain with Regaud’s hematoxylin (p. 555). For blepharo- 
plasts, cytoplasmic rhizoplasts and nucleus, fix in hot Schaudinn’s fluid two to 
ten minutes and stain with Heidenhain’s (twenty-four hours) preceded by immer- 
sion for twenty-four to forty-eight hours in a 0.2 per cent solution of Bordeaux 
red."^* These methods are very useful for other flagellates. 

Dino flagellates. Fix in Flemming’s fluid. Stain entire organisms with Dela- 
field’s or picrocarmine, sections with Heidenhain’s'^® or fix wdth Schaudinn’s and 
stain with Bordeaux red-Heidenhain’s or borax carmine or eosin and methylene 
blue.«'^ 

e. Infusoria. The choice of technique will depend on the nature of 
the material and the special results desired. For most purposes, Zenker’s, 
Schaudinn’s, Bouin’s, Flemming’s, picro-sulphuric, etc., are adequate. 
For smaller ciliates, Heidenhain’s hematoxylin, with appropriate 
counterstains such as eosin, fast green, or especially prestaining with 
Bordeaux red will give an adequate picture of the structural organiza- 
tion. Heidenhain’s is not so well adapted to the larger ciliates, although 
good results can usually be obtained by rrsing Tuan’s''^^ method of de- 
staining with a saturated acjueous solution of picric acid; thorough wash- 
ing in water should be followed by passing through a weak solution of 
ammonia. Sharp^^ ^nd others have claimed success with the following- 
modification: 

Sharp's Modification of Heidenhain's for Larger Ciliates. Mordant twenty- 
four to thirty-six hours in a 1 per cent solution of iron alum; wash with distilled 
water; stain twenty-four hours with 0.3 per cent aqueous hematoxylin; wash in 
tap water and differentiate in the 1 per cent iron alum. Wash, dehydrate, etc., 
as usual. 

For whole mounts of larger ciliates, stain with hemalum, Delafield’s hema- 
toxylin, or similar stains, counterstain with eosin, light green, orange G or Bor- 
deaux red. 

Sections of ciliates are necessary for finer details. Stain thin sections 2//- to 

Zacharias, O. Zoo/. 22: 70, 1899. 

™ Doflein, F. Arch. f. Protiste?ik., 44: 149, 1922. 

Hartmann, M- Arch. f. Protistenk., 39: 1, 1918. 

'^® Hall, R. P., and Powell, W. N. Trans. Am. Micr. Soc., 45: 256, 1926. 

'^Mauterborn, R. Z/s'c/zr. /. Zoo/., 59: 167, 1895. 

Hall, R. P. Vniv. Cal. Pub. in ZooL, 28: 29, 1925. 

7 hian, H. C. S/a!/?! Technology,^: 155, 1930. 

Sharp, R. G„ Loc. a/., p. 535, 
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4/i thick, in Heidenhain’s hematoxylin with a counterstain, or Mallory’s triple 
stain (see Sharp’s modification, p, 535) will give good results. 

Relief Stainmg. Surface markings, ciliary rows, etc., are seen in sections, but 
whole mounts may be prepared by the methods of Bresslau, Coles and Klein. 
Among the stains used are (1) a mixture of 3 parts of a saturated solution of 
china blue with 1 part of a saturated solution of cyanosin (Bresslau’s ‘"cyanochin”), 
(2) a mixture made by adding 4 to 6 drops of a 6.5 per cent aqueous solution of 
phlorenrhodamin to 1 c.c. of a 10 per cent aqueous solution of opal blue (Bres- 
slau, p. 545), (3) a saturated aqueous solution of nigrosin (Coles, p. 545). Place a 
drop of water or culture containing the ciliates in the middle of a slip and near 
it a drop of the stain. Thoroughly mix the two, spread in a thin layer, and allow 
to dry in the air. Mount in balsam or examine without a cover. The surface 
depressions of the animals retain the stain thus outlining the positions of the 
cilia. 

Silver Irnpregyiation Method.^ Spread a drop of culture containing the 
ciliates in a thin layer on a slip or cover glass and allow it to dry in the air. Place 
for six to eight minutes in a 2 per cent solution of silver nitrate in distilled water, 
rinse well in distilled water contained in a white porcelain (or other) dish and 
set in strong daylight. Reduction follows in from four to ten hours, according 
to the intensity of the light. When the silver nitrate has become sufficiently 
reduced (test by examination with the microscope), rinse well, dry and mount 
in balsam. A network of “silver lines” becomes demonstrated by reducing the 
silver nitrate. 

Sharp®^ studied the surface markings of Diplodinium by fixing in 4 per cent 
formalin and mounting unstained in styrax. 

Cilia. For fresh-killed animals, fix with osmic acid or osmic vapor and then 
treat with 5 per cent soda solution (Maier®), or with bromine vapor.^’ The finer 
structures can best be studied in thin sections. Fix in Schaudinn’s or Flemming’s 
(Maier) or bibromate-acetic (potassium bibromatc, 3 parts; glacial acetic acid, 
5 parts; water, 100 parts), (Wetzel, p. 533), or fix in the regular fixatives followed 
by treatment with bromebromine water (1 drop of pure bromine in 2 to 3 c.c. 
of strong bromine water) for ten to twelve hours, then wash with distilled water. 
Section and stain with Bordeaux red-Heidenhain, Mallory’s triple, or other com- 
bination staining methods. 

Trichocysts. Stain with Heidenhain’s, especially in sections, after strong 
fixatives such as Schaudinn’s fluid. To cause trichocysts to discharge in fresh 
preparations use weak concentrations of such acids as acetic, tannic, picric, osmic, 
chromic, etc., or bromine. 

Trichites. Prepare these pharyngeal rods for study by the methods given 
above for cilia. MacDougalP found that they were not affected by dilute acids 
or dilute alkalies but were digested by artificial gastric juice (0.2 per cent HCl 
and 1 per cent pepsin in 100 c.c. of water), which indicated a protein composition. 

Klein, B. M. ZooL Anz., 67: 160, 1926. 

Sharp, R. G. Loc. cit., p. 535. 

Maier, H. N. Loc. cit., p. 533. 

Khainsky, A. Arch. f. Protistenk, 21: 1, 1910. 

MacDougall, M. S. Quart. J. Micr. Sc., 69: 361, 1925. 
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Contractile Vacuoles. Stain in a fresh condition with alizarin blue (Griib- 
ler’s). They show well in sections prepared by the methods for demonstrating 
Golgi bodies. Fix with Altmann’s fixative (p. 266) and stain with Heidenhain’s 
hematoxylin,®® or use the method of Nassonov.®” Fix for twenty-four hours in 
either of the following: 


(1) Potassium bichromate, 3 per cent 2 parts 

Chromic acid, 1 per cent 2 parts 

Osmic acid, 2 per cent . . . . : i part 

(2) Potassium bichromate, 6 per cent 1 part 

Chromic acid, 1 per cent 1 part 

Osmic acid, 2 per cent 1 part 


Wash thoroughly in distilled water and place in 2 per cent osmic acid for three 
to four days at a temperature of 35^0. Wash thoroughly in water, and dehydrate 
in graded alcohols. Small species can be mounted whole, but larger ones, e. g., 
Paramecium, need to be sectioned (paraffin). Subsequent staining is unnecessary. 
From the selective action of the contractile vacuole apparatus on osmic acid, 
Nassonov concluded that it is homologous with the Golgi apparatus of Metazoa. 

Neurornoior Apparatus. Fix in Schaudinn's, Zenker’s, Flemming’s, 
etc. Stain in Heidenhain’s or Mallory’s triple (see Sharp’s modification, 
p. 535) . These structures are usually stained well by Heidenhain’s hema- 
toxylin in thin sections. The writer finds that the system of fibers de- 
scribed by Rees*^^ can be demonstrated in Paramecium by fixation with 
Schaudinn’s fluid at 75°c., and staining entire with hemalum or Dela- 
field’s hematoxylin and mounting whole. 

/. Sporozoa. Myxosporiclia. (Other sporozoa are considered else- 
where: Gregarinida, p. 547; Coccidia, p. 542; Haemosporidia, p. 546). 
Myxosporidia are either histozoic or celozoic. For those in tissues either 
smear on slips or covers, then fix and stain like intestinal smears (p. 539) , 
or fix the containing tissues, imbed and section. Stain the sections with 
the hematoxylin or polychrome stains. Remove coelozoic forms from the 
host and make smears of them, or fix the containing organs and section. 

Fix with Schaudinn’s, Bouin’s, Flemming’s and Hermann’s fluids, or 
Worcester’s fluid.^i Stain with Heidenhain’s or Delafield’s with or without 
counterstains, or with Mallory’s triple, or wet Giemsa, for both smears 
and sections.'^^ 

Young, R. A. Science, 60: 244, 1924. 

Nassonov, B. /. Mikr. Anat. u. Entwick, 103: 437, 1924. 

^Rees, C. W. Univ. Cal. Pub. in Zool., 20; 333, 1922. 

Davis, H. S. /. Morphol., 37: 425, 1923. 
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Shrinkage o£ spores. Kudo^^ tried a number of common fixatives 
and found that they caused a decrease of about 14 per cent in the sutural 
diameter of the mature spores of Leptotheca ohlmacheri. In making 
measurements of spores, therefore, the fresh spores should be measured, 
or allowance be made for shrinkage. 

Microsporidia may be handled by the methods given above for Myx- 
osporidia. For the identification of spores (1) exert pressure on the cover 
glass over freshly teased out spores or add hydrogen peroxide to cause 
the extrusion of the filament. Such extrusion will identify the spores as 
distinct from bodies of similar size and shape, such as yeast cells. 
Oshima^^ adds hydrogen peroxide to a suspension of spores in a 5 to 10 
per cent solution of NaCl to cause slow extrusion of filaments. (2) Stain 
with Ziehl’s fuchsin, followed by decolorization with a solution of weak 
sulfuric acid. Yeast cells are decolorized while spores of Microsporidia 
remain red.^^ 

Sarcosporidia are found usually as "‘Miescher’s tubes” in the muscles 
of vertebrate hosts (browsing and grazing animals, mostly) . Fix pieces 
of the tissues and section, or make smears of the tissues. Fix with Bouin's 
or Flemming’s solutions or sublimate-alcohol-acetic. (Saturated solution 
of sublimate, 75 c.c., absolute alcohol, 25 c.c., and glacial acetic, 15 c.c.) , 
and stain with hematein, hemalum, Mann’s methyl blue-eosin, or Heiden- 
hain’s hematoxylin followed by eosin and picro-indigo-carmine.^® 

Kudo, R. Trans, Am, Micr. Soc., 40: 161, 1921. 

‘^Oshima, K. Annot. Zool. Japan., 40: 235, 1927. 

®®Kudo, R. III. Biol. Monographs 9, Nos. 2 & 3, 1924, 

‘^AlexeiefF, A. Arch, de zool. exper. et gen., 51: 521, 1913. 
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FIXATION AND FIXATIVES 
C. E. McClung and Ezra Allen 

Character OF Agent Used 552. Physical agents 552. Chemical agents 552. Dif- 
ferential Effects of Fixatives 562. Selective action 562. Penetration 563. Influ- 
ence of physical condition 564. Methods of Application 565. By immersion 565. 
Fixation by injection 566. Relation to After Processes 569. Washing 569. Stain- 
ing 570. 

A. CHARACTER OF AGENT USED 

The agents used for the purpose of fixation may be divided generally 
into physical and chemical, the latter being much the more common. 

I. Physical Agents 

The only physical agents employed are desiccation and heat. 

1. Desiccation. Only infrequently can desiccation be applied, as, 
for instance, in the smear method recommended by Foot and Strobell 
(p. 264), Here the fresh tissue is drawn rapidly and steadily across the 
surface of the glass slip, leaving a thin film behind. Without further 
treatment the material is then stained and mounted. Not many tissues 
will return good results with this treatment. 

2. Heat. More commonly in smears the protoplasm is coagulated 
and quite rapidly freed from water by passing it through an alcohol 
flame. Heat may also be used for large pieces of tissue or even whole 
animals. In this event the material is placed in water which is rapidly 
brought near to the boiling point, at which temperature the protoplasm 
is completely coagulated. Such a method is particularly applicable in the 
case of insect material. It is only infrequently employed for vertebrate 
tissues. Except for thin films, the action of a physical agent is ICvSs satis- 
factory than that of a chemical one. 

II. Chemical Agents 

For the convenience of discussion in part, and also because of 
distinctive peculiarities, these may be subdivided into purely liquid 
substances, solutions of solids, combinations of agents, and vapors. 

■ A52'' ■ 
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I. Purely Liquid Substances, a. Examples. Of the first group 
may be mentioned: 

Acetic Acid. This is one of the most valuable and generally used of 
reagents/but only infrequently is it employed alone. However, in some 
instances where it is desired to jfix strongly contracting organisms very 
rapidly, acetic acid is most useful. For best results under these circum- 
stances it may be employed warm. When thus used the action is very 
rapid and should be terminated within ten or fifteen minutes. The excess 
o£ fixing fluid is washed out with 30 to 50 per cent alcohol and the mate- 
rial preserved in 70 per cent. The general action of acetic acid is to 
swell the constituents of the cells, and because of this property it is gen- 
erally combined with some substances which have an antagonistic or 
shrinking effect. The composition of fixing fluids, in which acetic acid 
is involved, is therefore a matter of experiment to determine what per- 
centage of the swelling agent should be combined with others which have 
an opposite action. 

For formulas in which acetic acid is combined with other agents, 
consult the various groups of fixatives. 

Aside from the use of absolute acetic acid as indicated, dilutions 
from 1 to 5 per cent are most useful. It is in proportions like these that 
acetic acid is combined with other fixing materials. In all dilutions the 
penetration is good. It is also very valuable because of the strong differ- 
entiation which it establishes. 

Alcohol. Alcohol, used alone, is employed either as absolute alcohol, 
or in a strength of approximately 30 per cent. The effective action of 
absolute alcohol is said to be due to its rapidity of operation, which 
thereby prevents the distortion of materials caused by rapid combination 
with their contained water. On the contrary, 30 per cent alcohol is a 
fairly weak fixative and if applied too long niay even act as a disso- 
ciating agent for some tissues. For this reason, after fixation of not over 
twenty-four hours, the tissue should be run up to 70 per cent. 

Alcohol is used in combination with other fixing agents especially in 
the form of absolute alcohol. For these combinations consult the various 
groups of fixatives. 

Chloroform. Chloroform alone is rarely or never employed as a 
fixative. It finds its chief application in the combinations of Carnoy 
and of Carnoy-Lebrun (p. 558). 

Formic Acid. Formic acid may be used in much the same manner as 
acetic acid in fixatives but has been found less satisfactory and is not 
generally employed. An example of the use of formic acid is afforded in 
the formula by Rable, which is as follows: 
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0.3^ per cent chromic acid solution 200 c.c. 

Formic acid 5 drops 


Fix for twelve to twenty-four hours. Wash in w^ater. 

ForinoL This substance appears on the market as a 40 per cent 
aqueous solution of formaldehyde under the trade names of formoi, 
formalin and formolose. It is best to use only the chemically pure solu- 
tion. The formulas are sometimes ambiguous in not indicating whether 
it is the strength of the formaldehyde or the percentage of the formoi 
that is meant. For convenience it seems better to indicate the percentage 
of the solution rather than of the gas. Solutions decompose after a time, 
forming paraformaldehyde, a white substance. Owing also to the trans- 
formation of formaldehyde into formic acid there is often an acid reac- 
tion of the solutions. This may or may not be an advantage, but the 
condition should be recognized. If a neutral solution is rec]uired, the 
addition of an alkali like sodium or magnesium carbonate or even of 
lithium carbonate, will serve. Formalin may be used alone and gives a 
fairly good fixation. It is very convenient because no extensive washing 
is required before sectioning. It has a high degree of penetration and is 
therefore applicable to large objects. It may be followed by most stains. 
Formalin is most commonly used in clinical work, when, because of its 
convenience, rapidity, and general applicability, it lends itself to the 
conditions of rapid routine work. It may well be questioned, however, 
whether or not the added precision of the picro-formol-acetic mixtures 
would not repay the slightly greater time involved in their use. 

In using formalin with other substances it should be remembered 
that formaldehyde is a very powerful reducing agent and therefore 
rapidly alters the nature of combinations into which chromic acid or 
other such substances enter. Used alone it is best employed in strengths 
of 4 to 10 per cent. Fix for several days for best results. Formalin also is 
a good hardening agent. 

Nitric Acid, Nitric acid is not used to any great extent alone as a 
fixative, but may be employed in a strength of 2 to 5 per cent, and is 
reported to be valuable because it makes certain tissues brittle. 

b. Advantages, These simple fluids have some striking advantages 
which make them particularly applicable to certain cases. As a rule they 
penetrate well and rapidly. They leave no deposits in the tissues and 
they require little or no washing. In cases where rapid results are re- 
quired there are very obvious advantages. For general routine work vari- 
ous dilutions of formoi are much used, as they are also for very resistant 
objects such as the ova of certain worms and insects. 

c. Disadvantages, The very qualities which make these liquids ad- 
vantageous in some circumstances make them inapplicable in others. 
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Thus, their rapid and vigorous penetration may be injurious to very 
delicate structures, although under some circumstances they have the 
opposite effect. 

2. Solutions of Solids. These solutions, employed as fixatives, are 
mostly acjueous in character. Chemically they are either salts or acids. 
The salts are commonly chlorides of some heavy minerals like gold, 
platinum and mercury, chromates of the haloid group, and the tetra- 
oxide of osmium. The acids most used are picric and chromic. Solutions 
of solids alone, without the presence of acetic acid or formol, are rarely 
employed as fixing agents. 

a. Classes. Picric acid is not often used in simple solution, since it 
shrinks strongly. When combined with other substances it is in strong 
concentrations. Dilute solutions of picric acid macerate. Since it forms 
only a weak association with the tissues, washing out should be done 
with alcohol of at least 70 per cent to avoid maceration. When combined 
with formalin, however, this precaution is not necessary. Since picric 
acid is also used as a stain it need not always be completely washed out 
of the tissue if the color is not objectionable. To facilitate the removal 
of the picric acid, lithium carbonate may be added to the 70 per cent 
alcohol. Picric acid penetrates well and may be followed by most stains. 
The simplest method of handling picric acid is to make it up into a 
saturated solution in distilled water, and it is in this strength that it 
enters into most combinations. 

Chromic Acid (H2Cr04) , a substance produced when chromic anhy- 
dride (CrOg) unites with water, is rarely used alone as a fixative, but 
forms a very valuable constituent of numerous mixtures. Combined with 
acetic acid it is a common fixative of plant tissues, and with the addition 
of osmic acid appears in Flemming’s mixture as one of the most valuable 
of our cytological fixatives. 

The crystals of chromic anhydride are very deliquescent and it is 
customary to keep the material in aqueous solutions of a strength of 1 or 
2 per cent. 

Bichloride of mercury is one of the most useful of salts employed in 
fixing. It has a strong shrinking action and is therefore very rarely used 
alone, but in combination with acetic acid enters into some of the most 
commonly used fixatives. The simplest of these is a saturated solution of 
mercuric chloride in water, to which is added 5 per cent glacial acetic 
acid. The relative proportions of sublimate and acetic acid should be 
determined in each case experimentally, adjusting the proportion of 
acetic acid so as to balance the shrinking action of the sublimate. Some- 
times the sublimate is dissolved in alcohol instead of in water and in 
this way a greater concentration may be obtained. Great care is required 
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in wasliing out the sublimate from tissues after fixation. If this is not 
completely accomplished, crystals remain in the tissue which are often 
of such nature as to be mistaken for normal cell structures. The addition 
of iodine to the washing fluids, particularly the higher alcohols, facili- 
tates the solution of the bichloride. When the iodine ceases to be 
decolorized, the sublimate has been completely removed. 

h. Advantages. These substances offer a considerable range of ef- 
fects and, by forming suitable combinations, aid materially in the differ- 
entiation of various cellular and tissue structures. In addition they also 
act as mordants for stains and improve the precision of differential 
staining. 

c. Disadvantages. The disadvantages of these solids in solution are 
that they may produce deposits, as in the case of mercuric chloride par- 
ticularly, and they also require a considerable degree of washing in order 
to remove the uncombined portion. 

3. Combinations of Agents in Solution. General Principles Irv 
volved in Choice of Combining Agents. Such combinations are much 
more common as fixatives than are single substances. Formulas for these 
will be given under the main constituents. It may perhaps be well here, 
however, to note the general principles which should be followed in 
forming combinations. It is obviously undesirable to introduce com- 
plexity when a simple solution will suffice. 

Balancings Shrinkings and Sivelling Effects. In general it may be 
said that a combination to be effective should balance the swelling action 
of one reagent by the shrinking effect of another, as when the shrinking 
•action of mercuric chloride or picric acid is counteracted by the swelling 
action of acetic acid. 

Providing a Wide Range of Applicatioji by Varying the Proportions 
of Elements. Because of these antagonistic effects, it is possible, by 
regulating the proportions of the reagents, to adapt the action of par- 
ticular combinations to the peculiarities of various tissues. Where three 
elements are united, the range of application is in some degree further 
extended. It is only by experimenting with a particular material that an 
appropriate fixative can be developed. Although we are dependent upon 
this empirical method, it nevertheless provides a means by which almost 
any cell element or tissue can be accurately preserved. The range of any 
one combination is, of course, dependent upon the constituent elements, 
and some of these are capable of much wider application than others. 
Of all the combinations so far developed, those containing picric and 
acetic acids and formol appear to have the greatest flexibility. 

Acetic Acid Combinations. Acetic acid is so universal in its use that 
it enters into nearly all mixtures. Formulas including it will therefore 
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be found under various headings indicating other active constituents 
with which it is combined. 

Bichloride of Mercury Combinations (See also Zenker’s Fluid) . 


(1) Gilson's fluid 

Nitric acid, 46° strength, about an 80 per cent solution. . . 15 ex. 

Glacial acetic acid , 4 c.c. 

60 per cent alcohol 100 c.c. 

Distilled water 880 c.c. 

Mercuric chloride 20 gm. 


This is a rather unusual combination but on some materials it pro- 
duces excellent results. It should be given a trial when difficulties obtain 
in securing a good fixation with other mixtures. It fixes rapidly but does 
not commonly overfix, and in the case of amphibian eggs, if allowed to 


act for several days, will dissolve off the albumen. 

(2) Worcester’s fluid 

10 per cent formalin saturated with mercuric chloride 9 parts 

Glacial acetic acid 1 part 


This is an excellent fixative which deserves wider use. 


(3) Heidenhain’s trichloracetic with sublimate^ 

Saturated aqueous solution mercuric chloride 100 parts 

Trichloracetic acid 2 parts 

Glacial acetic acid 1 part 

(4) Formol-suhlimate 


10 per cent formol saturated with mercuric chloride 


(5) Sublimate acetic 

Saturated aqueous solution of mercuric chloride. ....... 95 parts 

Glacial acetic acid 5 parts 


Sublimate fixatives are rapid and vigorous in action and are best 
used on small objects for short periods of time. With most stains they 
give sharp and brilliant pictures. They require careful washing, which 
may be facilitated by the presence of iodine in the higher grades of 
alcohol. 

Bichromate Mixtures. The original of these combinations is Muel- 
ler’s fluid, This is prepared as follows: 

(1) Muellefs Fluid. 


Potassium bichromate 25 gm. 

Sodium sulphate 10 gm. 

Water 1000 c.c. 


This is now rarely used for fixing, but is an excellent hardening 
^ Heiclenhain, M. Ztschr. f. wiss. Mikroscop., 2,ry. 405, 1909. 
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agent. There seems to be no reason for the addition of sulphate of soda 
and it might just as well be omitted. 

(2) Zenkefs Fluid. This is a modification of Mueller’s fluid, pro- 
duced by adding to it 5 per cent of mercuric chloride and 5 per cent of 
glacial acetic acid. Fix ten to twelve hours; wash with water. The subli- 
mate may finally be removed by adding iodine to the washing fluid, 
preferably to the alcohol in which the sections are dehydrated. Too long 
a fixation produces deposits of crystals which are difficult to remove. 

(3) Helly's Fluid; or Zenker-formoL This is a modification of Zenker 
in which the acetic acid is replaced by 5 per cent formalin. This fixative 
gives very beautiful results but in some materials extensive distortions 
are produced when paraffin sections are made. The same material cut in 
collodion gives very beautiful and precise figures. It is particularly recom- 
mended for blood work, both on tissues and smears. 

(4) Telly esniczky's Fluid.- 


Bichromate of potash 3 gm. 

Water 100 c.c. 

Glacial acetic acid 5 c.c. 


Fix twenty-four to forty-eight hours. Wash in water. 


Alcohol Mixtures. 

(1) Carnoy's fluid 

1. Glacial acetic acid 1 part 

Absolute alcohol 3 parts 

2. Glacial acetic acid 1 part 

Absolute alcohol 6 parts 

Chloroform 3 parts 

(2) Carnoy-Leb run 

Absolute alcohol . 1 voL 

Glacial acetic acid 1 vol. 

Chloroform 1 vol. 


Saturate with mercuric chloride. 

This group of fixing fluids is an extremely valuable one because of 
the very good penetrating power possessed. Such difficult objects as eggs 
of Ascaris megalocephala and of insects are best fixed with these reagents. 
For cytological studies of nuclear structures, with the pier o-formol-ace tic 
mixtures and chrom-osmium-acetic combinations, they constitute a re- 
source of almost universal application. Fixation is rapid. Wash in 95 
per cent alcohol. 

Chromic Acid Mixtures. The chromo-acetic combination given by 
“Tellyesniczky. /Irr/i, mi/ir. ^ 34: 52, 1889. 
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Flemming consists of 0.55 per cent of chromic acid and 0.1 per cent of 
acetic acid in water. A stronger solution consists of 

1 per cent aqueous solution of chromic acid 95 parts 

Glacial acetic acid 5 parts 


(See osmic acid mixtures for formulas in which chromic acid appears, 


p. 560.) 

(1) Destines fluid 

1 per cent aqueous solution of chromic acid 99 c.c. 

Formol 6 c.c. 

Glacial acetic acid 2 c.c. 


Allow the brown fluid to stand a few days until it becomes green before use. 

Nitric Acid Mixtures. The most frequently used combination of 
nitric acid is that of Perenyi which consists of nitric acid in 10 per cent 
solution, 4 parts; alcohol 95 per cent, 3 parts; chromic acid, 0.5 per 
cent, 3 parts. This is in some cases a very valuable fixative but seems 
rather uncertain in its reaction, possibly because of chemical changes 
which it undergoes on standing. 

(1) F ormol-nitric . A combination which has proved very valuable, 
especially in the fixation of chick embryos, is the following: 


Formol, 10 per cent 3 parts 

Nitric acid, 10 per cent \ part 


This is best applied by opening the shell of the egg, removing the 
superficial albumen, and then adding the fixative directly to the embryo. 
After ten minutes the blastodisc may be cut out with scissors and re- 
moved to a watch glass where it is hardened with formol sublimate. 
Osmic Acid Mixtures. 


(1) Flemming* s fluid. Strong formula 

(a) Chromic acid, 1 per cent aqueous solution 11 parts 

Glacial acetic acid 1 part 

Distilled water 4 parts 


(b) Osmic acid, 2 per cent in 1 per cent chromic acid solution. 

Just before using mix 4 parts of (a) with one part of (b). Use 10 times the 
volume of the object. Fix two to seventy-two hours. Wash in water twenty-four 
hours. 

A precise and delicate fixative for cytological details and adapted to 
many kinds of protoplasm. It may in some cases be used to advantage at 
low temperatures— o°c. for instance. Does not penetrate deeply and some- 
times overfixes on the periphery of the mass and underfixes in the 
center. May be used advantageously when staining in iron hematoxylin 
or with aniline dyes (see also p. 604) . 
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(2) Lillie's chrorn-osmic-acetic mixture 

Chromic acid, 1/2 per cent solution 15 c.c. 

Osmic acid, 2 per cent aqueous solution 3I/2 c.c. 

Glacial acetic acid 3 drops 


This is recommended by Lillie for fixing echinoderm eggs in order 
to follow the exact changes during fertilization. 

(5) Bichromate-chromic-osmic acid mixture of Champy.^ 


3 per cent aqueous solution of bichromate of potash 7 parts 

1 per cent chromic acid aqueous solution 7 parts 

Osmic acid, 2 per cent aqueous solution 4 parts 


Fix six to twenty-four hours. Wash in water for same period of time. Stain with 
iron hematoxylin. 

(4) Platino-aceto-osrnic acid mixture of Her 77 iann* 


Platinic chloride, 1 per cent aqueous solution 15 parts 

Glacial acetic acid 1 part 

Osmic acid, 2 per cent aqueous solution 2 parts 


Fix twelve to twenty-four hours. Wash for similar period of time in water. This 
in effect is very similar to Flemming’s fluid. For a nuclear stain follow with iron 
hematoxylin. Chromosomes appear larger upon fixation in Hermann’s fluid than 
in Flemming’s. It is more difficult to secure a good cytoplasmic stain than after 


Flemming. 

Platmic Chloride Mixtures. 

(1) JueVs fluid 

Chromic acid, 2 per cent aqueous 25 c.c. 

Platinic chloride, 10 per cent 2.5 gm. 

Glacial acetic acid 1 c.c. 

Water 75 c.c. 

(2) Merkel’s fluid ( F. E. V. Smith’s modification) 

Acetic acid, 5 per cent 100 c.c. 

Platinic chloride, i per cent. . 5 c.c. 

Chromic acid, 1 per cent. 10 c.c. 


Ficro-formol-acetic Mixtures Used at the University of Pennsylvania. 
(1) Bouin’s fluid 

The original picro-formol-acetic combination is that of Botiin. It is prepared 


as follows: 

Saturated aqueous solution of picric acid 75 parts 

Formol, c.p. 25 parts 

Acetic acid, glacial 5 parts 


(2) Modifications of Bouin. A series of experiments was carried out 
at the University of Pennsylvania, using a large number of combinations 

® Ghampy, C. Arch, de zool. exper. et gin., 52: 13, 1913. 

'‘Hermann, F. Arch. f. rnikr. .dnat, 34: 81, 1889. 
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of the three elements contained in Bouins fluid, to which other sub- 
stances were added. These were employed particularly for the finest 
cytological details and it was found that some improvements could be 
effected by modifications of the original formula. Those of most value 
have been described in the literature as p.f.a.jj and P.F.A.jr, and, when 
combined with chromic acid, are marked with the designation B-3 and 
B-15. Preparation is as follows: 


(a) Allen's fluid p.f.a.3 

Picric acid, saturated aqueous solution 75 parts 

Formalin, c.p 15 parts 

Glacial acetic acid 10 parts 

Urea 1 part 


(b) Bs consists of this fluid to which is added chromic acid, 1 part. 

(c) p.F.A.w (b 15) is the original Bouin's fluid to which are added two parts 
of urea and 1.5 parts of chromic acid. 

The fluids with chromic acid turn green in perhaps half an hour, 
and after this change takes place they do not seem so efficient. The 
purity of the chemicals is extremely important. If a precipitate forms 
upon the addition of the urea, either it has not been stirred in care- 
fully, or the formol is impure. If the color is blackish instead of a deep 
reddish brown the trouble is probably with either the formol or the 
chromic acid. 

The addition of chromic acid to the mixture requires that it be used 
immediately, since rapid reduction of the chromic acid is effected by the 
formol. It is best, therefore, to add the chromic acid only at the time 
that fixation takes place. The p.f.a. mixtures without chromic acid are 
very valuable since material may be left in them for long periods of 
time without danger of overfixation. This is particularly true of the 
combination p.F.A.3 and it has been found in the case of Orthopteran 
material that whole animals, which have been opened sufficiently for 
it to enter readily, may be so treated that the intimate cytological de- 
tails of the cells, the germ cells particularly, are well preserved. This 
is a very great convenience when rapid preparation in the field is neces- 
sary. (For further discussion of modified p.f.a. mixtures see p. 249.) 
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(^) PicYO'Sulphuric acicP 


Distilled water loo voL 

Sulphuric acid 2 voL 


Saturate this mixture with picric acid. 

This was formerly much used in embryological work, but it has 
been found less desirable than the picro-forniol-acetic mixtures. 


(4) Picro-acetic^ 

Saturated aqueous solution of picric acid 100 parts 

Water 200 parts 

Glacial acetic acid i part 


4. Vapors. For very delicate objects, present in a small quantity of 
water or disposed as a thin film, fixation may be secured by exposure to 
the vapors of certain substances. Principally available here are formalde- 
hyde and osmium tetraoxide. To secure action in this manner it is suffi- 
cient to bring the object into a small chamber containing the gaseous 
reagent. Films on cover glasses are conveniently inverted over a vessel 
containing a solution from which the gas arises. In the case of osmium 
tetraoxide a few drops of Flemming’s fluid in a small Stender dish will 
provide a ready means of fixing smears on covers. When it is desired to 
fix objects under observation this may be done by observing them on an 
inverted cover over a moist chamber into which the vapor may be drawn 
when desired. Fixation by vapors is a precise, delicate and ready method 
when it is applicable. 

B. DIFFERENTIAL EFFECTS OF FIXATIVES 
These may be considered under several headings: 

I. Selective Action 

There is the question of their selective action. There seems to be no 
good reason for classifying fixatives as cytological, histological, or embryo- 
logical in application because, with good powers of penetration, welh 
balanced combinations such as the picro-formol-acetic mixtures, will 
preserve cells, tissues, or organs almost equally well. However, there do 
exist certain selective actions between parts of cells and particular re- 
agents, so that for certain cytoplasmic structures ordinary nuclear fixa- 
tives are regarded as unsatisfactory. Such differences nevertheless may, 
in part at least, be the result of method of after-treatment. It is com- 
® Kleinenberg. 7. Mzlsr. Sd., 1879. 

®Boveri. SUzwigsb. d. Gesellsch. f. MorphoL u. Physiol., 2: 101, 1886, 
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inonly stated that the presence of acetic acid in any combination is 
inimical to the preservation of mitochondrial structures. It has been 
found by experiments on Orthopteran spermatocytes that Flemming’s 
fluid, if only lightly washed out, is a fixative which, followed by hema- 
toxylin, presents an almost perfect mitochondrial stain. The elements 
have not been removed by the acetic acid, as supposed, but commonly 
after long-continued washing when a good nuclear stain results, the 
mordanting action of the fixative has been suppressed and the mito- 
chondria do not retain the hematoxylin. The experiment by which this 
demonstration was carried out is as follows: 

A Flemming-fixed preparation of grasshopper testis, after the sections 
were spread and dried, had the paraffin removed from one end of the 
slide by xylol. The whole preparation was then placed in 70 per cent 
alcohol for several days, after which the paraffin was removed from 
the remaining sections and the whole preparation stained with iron 
hematoxylin. On examination, the washed-out sections were found to 
have clear, stained nuclei with no mitochondria showing, while those 
which had been protected by the paraffin and were only slightly washed 
showed a reverse staining reaction with the mitochondria dark and the 
chromatin unstained. It is thus apparent that the selective action of any 
fixative is in a measure dependent upon the after-treatment of the 
material. 

Taking all of these facts into consideration, therefore, as a practical 
matter, the differentiation of fixatives into nuclear and cytosomic is 
justified. We may well question, however, whether the effects produced 
upon the cytoplasmic elements are due to the absence of acetic acid or 
to the mordanting action of other substances in the mixture. Most of 
the methods adapted to mitochondrial or Golgi apparatus constituents 
require extended action of the fixatives, even at high temperatures, both 
of which conditions facilitate mordanting action. In general, unless 
stated otherwise, the fixatives given are adapted to observation of nuclear 
structures, and those employed for cytoplasmic constituents are separately 
considered (see also Cytological Methods, p. 265). 

II. Penetration 

Further differential effects may be due to the rate and degree, of 
penetration of the agents in the fixative. ’ 

I, 2. Rate and Degree. These are particularly marked in the case 
of Flemming’s fluid. The acetic acid enters rapidly and well, while the 
osmic acid is restricted in its action to the superficial layers of cells. Be- 
cause of this difference in character of the penetration, a piece bf tissue 
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presents very often a peripheral zone in which the protoplasm is glassy 
and homogeneous while the central portion stains with characteristic 
differentiation between the cell elements. In any combination, therefore, 
it is necessary to know the physical characteristics of the elements which 
enter into it if the best results are to be obtained from its use. 

III. Influence of Physical Condition 

The differential effects are also due to the physical condition of both 
the specimen and the medium. 

1. In Specimens. Size and Density. Conditions of the specimen 
which influence action of the fixative are size and density. In choosing a 
fixative, therefore, the nature of the tissue must be carefully studied. 
Very dense or resistant substances require reagents of vigorous action and 
rapid penetration, whereas loose tissues may be fixed with comparatively 
mild ones. 

2. In Medium. The physical state of the medium in regard to tem- 
perature, concentration and the presence of adjuvants, has much to do 
with the diff’erential effect of the fixative. It has long been recognized 
that elevation of temperature facilitates rapid penetration, but it has not 
been so well recognized that this produces a difference in its action on 
various cell elements. In a series of experiments conducted at the Uni- 
versity of Pennsylvania it was discovered that the relative density of 
nucleus and cytoplasm may be varied by the temperature of the fixative. 

a. Temperature. In extreme cases the nucleus appears practically 
empty, because of the solvent action of the fixative, but by the applica- 
tion of Flemming's fluid at very low temperatures, in the presence of 
urea, the nucleus of grasshopper spermatocytes is considerably denser 
than the cytoplasm. Apparently a better cytological fixation is secured 
by the use of Flemming's fluid at o°c., while picro-formol-acetic com- 
binations do better at a temperature of 35 to 40°c. 

b. Concentration. The concentration of the fixative, as a whole, as 
well as the proportion of its parts, also influences its selective action. 
Only very recently, however, has it been realized that the presence of 
relatively inert substances, such as urea, various sugars, etc., has a pro- 
nounced influence upon the operation of the fixative. The action of urea 
has already been referred to, it being the first of such substances em- 
ployed. Some experiments upon plant cells with different sugars indicate 
that they have specific effects. For instance, glucose added to Flemming's 
fluid produces in each cell of the Podophyllum* root tip a large clear 
vacuole, whereas if levulose is substituted for the glucose no such vacuole 
is seen. 
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It thus appeared that these sugars, having such specific actions, might 
be advantageously employed in the fixing of plant tissues. An extension 
of these experiments was therefore carried out in the Botanical Labora- 
tory, University of Pennsylvania, and will be found discussed more fully 
in the chapter on Botanical Methods (p. 207) . 

c. Adjuvants. So far, the studies upon differential action of adju- 
vants in fixatives have been of a preliminary sort, but they indicate 
strongly the value of such substances and the need for a more complete 
investigation of their action. Some early studies by McClendon'^ showed 
that the swelling and cytolysis of cells in the convoluted tubules of the 
kidney could be prevented by adding 10 to 40 per cent of sugar to the 
fixative. The small percentage of urea and sugar employed in our experi- 
ments would not seem to operate by affecting the density of the reagent, 
as in McClendon’s experiments, and we can only suppose that some 
more exact adaptation is involved in their specific effects. Since these 
are substances which penetrate protoplasm with unusual rapidity it may 
be surmised that their action is, in part at least, due to this property. 

C. METHODS OF APPLICATION 

The methods of application of fixatives may be considered in relation 
to the kind of material. Small pieces of tissue may be immersed directly 
in the fixing fluid, whereas if large organs or whole animals are to be 
fixed, the reagent should be injected through the circulatory system. 

I. By Immersion 

If fixation is by immersion, regard must be had for the following 
circumstances: 

1. Proportionate Volumes. The volume of the fixing fluid in rela- 
tion to that of the tissue must be such that the water abstracted from 
the tissues will not so dilute the fixative as injuriously to affect its action. 
This proportion varies with the particular fixative employed. In general 
there should be a volume of the fixing fluid 25 to 50 times that of the 
object. It is also desirable sometimes to substitute fresh fixative, espe- 
cially if it is applied for considerable periods of time. 

2. Position of Specimen in Fluid. The position of the specimen 
in the fluid is not unimportant. If it is possible to suspend the object 
near the surface of the medium it is advantageous, because in this posi- 
tion it is always in a reagent of high concentration. If the specimen has 
been attached to a small piece of paper it will float on the surface un- 

^ McClendon, J. F. Ina/. Record, 51, 1913. 
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aided. Larger objects may be suspended by a thread in a cylindrical 

vessel* 

3. Duration of Action. The duration of action required varies with 
the material and the particular fixative. There are some reagents which 
produce injurious effects by overfixation, whereas others may be allowed 
to act indefinitely. The minimum time for effective results can be deter- 
mined only by experiment, but as a rough guide it may be said that a 
piece of tissue not over 5 mm. in diameter in chromic acid combinations 
will be fixed within a period of two to twelve hours. The picro-formol- 
acetic combinations (without chromic acid) may be allowed to act for 
almost any length of time without injury to the specimen. Rapid and 
vigorous fixatives, such as those of Carnoy, fix within an hour in some 
cases. 


II. Fixation by Injection 

If the presence of blood is not essential, a better picture of the re- 
lationships of all other tissues to each other, as well as of chromosomes, 
may be obtained in complex organs, as brain, testis, etc., by injecting the 
fixing fluid rather than by cutting the organ into small pieces. In the 
case of testes which have a small quantity of interstitial tissue, as the 
rat’s, this tissue is not torn.® Any fixative may be injected. 

The blood must first be removed by washing out the vessels with 
Locke’s or normal salt solution, which for mammals is 0.9 per cent. The 
washing is begun while the animal’s heart is still beating, if possible; 
consequently light etherization is essential. As soon as the blood is out 
of the veins the fixing fluid is injected. Each fluid may be forced in by 
gravity or by air pressure. Too great pressure is to be avoided through- 
out the process, as extravasation is easily produced. A pressure equal to 
about 10 mm. of mercury is sufficient for a white rat. It may be obtained 
through gravity by elevating the container of the fluids to a height of 
about 25 to 30 inches. A funnel, supported on a retort stand, answers 
the purpose fairly well. This is connected to the cannula by rubber 
tubing. A screw clamp will control the rate of flow. Some workers advo- 
cate a pulsating flow, imitating the heart beat, but the writer has found 
a steady flow perfectly satisfactory. 

A more elaborate apparatus, by which the pressure may be varied, is 
shown in Figure 1 (p. 254) . This consists of a pressure bottle a , and an 
aspirator bottle b for holding the fluids. The delivery tube d.t. from b 
carries the fluid through the warm water in c to the cannula. The flow is 
controlled by the screw clamp d. In order to free the fluid from any air 

® Allen, E. A iiat. Record, i6: 55, 1919. 
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bubbles which might stop the flow of the fluid in the blood vessels, a 
vent is introduced by the x-tube, controlled by clamp b. The atomizer 
bulb is used to force air into a. The resulting pressure is communicated 
to the fluid in b through the connecting tube c.h, and controlled by the 
screw clamp cl The mercury manometer registers the pressure. 

Instead of the atomizer bulb, one may use a bottle of water elevated 
about 2 feet and connected by tubing to a, as shown in Figure 2 (p. 
255) . The Woulff bottle may be replaced by a salt mouth bottle fitted 
with a three-hole rubber stopper. Or, if air pressure is supplied in the 
laboratory, it may be used under proper control. In this case, a manome- 
ter is absolutely essential. If desired, 2 b bottles may be used. A Y-tube 
will connect both to the delivery tube; flow from each is controlled by 
a screw clamp. For use, disconnect the tube c.t. from the bottle contain- 
ing the salt solution and connect with the other. Use rubber stoppers 
and heavy walled tubing throughout except for the short cannula tube, 
where flexibility is desirable. 

I. Steps in Injecting, a. Preparation of Apparatus. Whatevei 
form is decided upon, set it up fully and test it thoroughly before pre- 
paring the animal. Have several cannulas varying somewhat in size. If 
possible, try the cannulas on an experimental animal to be sure the 
right size is at hand. Have ready means of keeping the animal at body 
temperature. For this purpose use a vessel of warm water under a dis- 
secting pan, or a waterproof electrically heated pad or table. Have salt or 
Locke’s solution and the fixing fluid at the right temperature, and be 
sure they can be held at that temperature. As there always is some loss 
of heat in the tubing, 40^ to 45°c. is about right. When entering a 
mammal each fluid should be at about 37° or 38°c. As a source of heat 
a paraffin oven or a water bath is much better than a gas burner, as the 
latter must be watched lest it overheat the fluid. The fixing solution 
should be well stoppered while being heated and while in use. Have 
something to place under the animal’s shoulders, as working in the chest 
cavity is much easier if it is elevated. The head may droop. Have dis- 
secting tools ready and in place, 

b. Washmg. Having everything ready and the fluids at the proper 
temperature, let the salt solution flow down into the cannula while the 
animal is being etherized. Get rid of all air bubbles by letting them es- 
cape through the x-tube. Let a very slight flow continue, enough so that 
the cannula will be full when held in any position. This flow will not 
interfere with its insertion into the blood vessel, and guards against 
clotting. 

Lay the animal on its back, the heart still beating, and make a longi- 
tudinal midventral incision through the skin from the genital outlet 
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to the neck. The hind legs may be tied fast and the front legs tied 
behind the back. Slit the abdominal muscles to the breastbone, and cut 
the ribs a little to the left of the breastbone with care not to cut the 
mammary artery. Bend the ribs back, breaking them if necessary, and 
even removing the ventral ends, to have a clear cavity in which to work. 
The slight loss of blood is of no consequence. Cut the left side of the 
diaphragm from the ribs. The heart should still be beating. If the 
whole animal or only the anterior end is to be used, inject through the 
heart. If only the hinder part is wanted insert the cannula in the thoracic 
aorta. 

Suppose the testes of a rat are to be fixed with warm B-15. After se- 
curing the cannula firmly in the thoracic aorta, start the flow of salt 
solution with a very gentle pressure, merely sufficient to distend the 
artery posterior to the cannula. Stop the pressure by closing the valve h, 
and open the posterior vena cava to let the blood escape. It may be 
absorbed in the cavity by absorbent cotton, but keep it loose to avoid 
back pressure. Now turn on the pressure gradually but quickly to 20 
or 25 mm. mercury counting the movement in both arms of the manom- 
eter. The testes should be in the scrotum. If retracted, push them back. 
They do not seem to inject well if in the body cavity. Slit open the 
scrotum on one side to observe the loss of blood in the prominent 
testicular vessel. Watch the intestines and the liver. By the time this 
last-named organ is pale the blood is about washed out. If these organs 
do not pale, the flow is interrupted. If one testis is pale, the other is 
almost certain to be washing satisfactorily if it is in its natural position 
in the scrotum. 

c. Injecting the Fixative, To change to the fixing fluid, close the 
clamps d and a. If two aspirator bottles have been provided, close the 
clamp for the salt solution, change the connecting tube to the other 
bottle, open its discharge clamp and clamps a and b. Start the pressure 
gently, and continue until the salt solution in the delivery tube has all 
been replaced by the fixing solution, and all air bubbles have escaped; 
then close clamp ^ and open d. Increase the pressure as before. In this 
case the fixative is colored, and the exposed testis, the intestines and the 
liver should quickly appear yellow, and the fixative should escape from 
the vena cava. Continue the flow until about 100 c.c. have passed 
through. Let more through if the flow still continues. Toward the latter 
part of the process the pressure may be increased slightly without injury 
to the tissues. The hinder parts of the animal will be stiffened by the 
formol. To insure preliminary fixation in a rat 100 c.c. is sufficient. 

d. After-treatment before Dehydration, Remove the testes, still 
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covered with the tunica albuginea, and also the epididymis if desired, 
and place in fresh fixative at 38°c. After about thirty minutes slice the 
testes with a thin safety razor blade into 3 or more pieces, preferably 
longitudinally, and return the tissue to the fixative for another half 
hour. Longer fixation in this fluid is undesirable for these organs. They 
may be placed in Bouin if for any reason the dehydration process is to 
be delayed. 

e. Injecting through the Heart, In this case a larger cannula is used. 
Inject through the left ventricle for either the anterior end or the whole 
animal. If the lungs are not desired, let the blood escape from the right 
auricle; if they also are to be injected, clamp the opening in the right 
auricle, removing the cannula to the right auricle. Two animals may be 
needed for both purposes if they are small. 

If a colorless fixing fluid is to be used, a little eosin will serve to mark 
its progress, unless the fixative decolorizes the eosin rapidly. 

D. RELATION TO AFTER-PROCESSES 
I. Washing 

1. Medium. The selection of the medium for washing is determined 
by the nature of the fixative employed. It is always emphasized that after 
picric acid combinations the tissue should not be allowed to remain long 
in water because of the macerating effect which it exercises, whereas the 
chromic acid combinations are so vigorous in action that water will not 
injure the specimens during a period of even twenty-four hours. As a 
general rule it may be noted that the sooner the material is brought into 
70 per cent alcohol the better. Most of the reagents are soluble in alco- 
hol, so that after a preliminary washing the specimen can be run up into 
that grade and by changing this repeatedly the excess fixative may be re- 
moved. Certain combinations not aqueous in their nature, such as 
Carnoy's mixtures, should be run into an appropriate grade of alcohol at 
once without passing through water. The rule is to proceed from the 
fixative into a concentration of alcohol somewhat similar to that of the 
fixative. 

2, Method of Application. It is sometimes sufficient to place the 
fixed material directly in the washing medium in any convenient vessel, 
but where small objects are handled, especially in large numbers, it is 
often helpful to utilize special pieces of apparatus. A number of these 
have been devised and consist either of small vessels having perforated 
bottoms or cylinders capped with porous fabric. By causing a current of 
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water to flow through, the specimens are washed rapidly without danger 
of loss. The following is a description of such an arrangement by Allen^: 

Automatic Device for Changing Fluids on Many Small Objects 

The apparatus (Fig. i) is essentially a glass tube about 300 mm. long 
by 16 mm. inside diameter, supported at an angle of about 30°, fitted 
with a glass stop-cock at the lower end and with a % hole rubber stopper 
at the upper, through which fluids are conducted from the supply bottle. 
The overflow control tube fitted into the upj^er stopper serves two pur- 
poses: when the large glass tube is being filled from the supply bottle, it 
allows air to escape; it prevents ovei^flow when the tube is full and the 
stop-cock is closed. A retort stand fitted with rings and clamps is ade- 
quate support. The supply bottle is of the aspirator type. The wads of 
cotton (cotton and c) insure the thorough mixing of the new fluid with 
that in the tube. The upper wad (c) should be on top of the tissue; 
the space between it and the intake gives opportunity for mixing before 
the new fluid reaches the tissue. If tissues are inclosed in small glass 
tubes, each with its number, and covered with wide-meshed cloth, it is 
well to place the tubes in lengthwise, and not to allow them to be tightly 
packed. 

Tissues may be fixed, stained, washed, dehydrated, and cleared with- 
out removing them from the tube. The process may be interrupted at 
any step, and the tissues left in the appropriate fluid overnight or longer 
without loss by evaporation. Simply close the spigot. The rate of change 
is controlled by the rate of dropping. Used fluids may be preserved, ac- 
count being kept on the labels of the number of times used. One may 
introduce 50 per cent alcohol into water; 95 per cent into 50 per cent; 
but it is better to use intermediate mixtures if cytological details are 
especially desired. 

3. Duration and Extent of Action. The washing-out processes 
must be determined by the effect desired. Commonly it is best to remove 
all of the uncombined material, but sometimes for mordanting purposes, 
as indicated in the discussion of mitochondrial stains, the washing should 
not be complete. In general, if complete extraction of the uncombined 
fixative is desired, the length of the period should approximate that of 
the action of the fixative. If the medium employed is water, however, this 
should not extend beyond twenty-four hours as a rule. 

II. Staining 

I. Mordant Action. As has been indicated in the discussion of the 
process of washing, fixation bears a definite relation to the after-process 

‘^AlIen, E. Science, 66: 427, 1927. 
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of staining. After most fixatives almost any nuclear stain may be applied, 
although there are differences in the degree of precision of the stain 
according to the nature of the fixative. The mercuric bichloride com- 



Fig. 1. 

binations show a very brilliant reaction with hematoxylin stains. Certain 
of the aniline dyes do not operate well unless osmic or chromic acid has 
been present in the fixative. A further discussion of this subject will be 
found under the heading “Stains” (p. 604) . 

2. Revival of Staining Capacity. The condition in which cells are 
left by the fixing fluid is not stable. From the point of view of staining 
possibilities a slow deterioration sets in immediately, and the thinner the 
tissue the sooner a loss of staining power is noticeable. Thus, a block of 
tissue may remain in good condition for years, while a smear or connec- 
tive tissue spread is less satisfactory in a few days. If the fixation was 
good in the first place and the deterioration is not too pronounced, 
staining capacity can be revived by the use of peroxides. Smears, mem- 
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branes, or sections not more than lo^ in thickness should be placed in 
commercial hydrogen peroxide for thirty minutes or more and then 
washed in water before being stained. A to per cent solution of benzoyl 
peroxideio (St. Szecsi. p. ggg) in acetone is even more satisfactory and 
requires only fifteen minutes. It should be washed out in xylene-acetone 
(2 to 3) . followed by alcohol. In the case of a faded slide which is worth 
restaining, it is advisable to soak off the coverglass and treat the prepara- 
tion with benzoyl peroxide solution before putting it into the stain 
(Slider) . 

“ Benzoyl peroxide is unstable if heated. 
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A. NATURE OF STAINING AGENT 
I. Origin and Source 

I. Organic, a. Natural. Natural organic dyes are (1) from an ani- 
mal source (carmine) and (2) from plants (hematoxylin and brazilin) . 

Carmine and Cochineal. Carmine is the only animal product used 
in staining. Certain scale insects, particularly Coccus cacti coccinillifera, 
secrete a colored substance, cochineal, which is used commercially as well 
as scientifically. The dried bodies of these insects are ground up into a 
powder and in this condition may be dissolved in water to which is 
added either an acid or an alkali, thus forming directly a staining solu- 
tion. Usually a plain aqueous solution is not employed, but has added to 
it certain adjuvants as in the case of hematoxylin. 

While stains may thus be made directly from the crude mateiial, in 
general the derived substance, carmine, is the basis of the stain. Car- 
mine, however, is not a simple chemical compound but a complicated 
mixture of which the essential coloring agent is carminic acid. Therefore 
instead of using either the crude cochineal or the product obtained from 
it, carmine, the active staining principle, carminic acid, nlay form the 
base of the stain. 

Carmine is a bright red substance. Cochineal inclines more to an 
orange red. Of all stains, these are most applicable for staining in toto 
because they do not overstain. Particularly in embryological work, the 
cochineal stains, applied before sectioning, are of very great value. Car- 
mine stains in general are used progressively. As solvent media both 
water and alcohol are employed. Also they may be either acid or alka- 
line in reaction. Carmine is primarily a nuclear stain, but properly ap- 
plied may be made to color selectively various parts of the cell. 

. 573 "' 
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Brazilin (C16H14O5+ ii/^HsO) is a natural dye obtained from Brazil 
wood, Cesalpina crista. It is similar in general character to hematoxylin, 
but has a red color. It is not so active and strong a dye as hematoxylin 
and has had only a limited use. It is possible that more careful investi- 
gation of this dye might disclose more specific application than it has re- 
ceived. It may be handled in the same manner as hematoxylin, as either 
a progressive or a regressive stain. Like hematoxylin, brazilin acts in 
staining through the presence of an oxidized form— brasilein, 

Hematoxylin (Ci(jHi40g) , is derived from logwood, Campechianum. 
It is best obtained by extracting the wood with water in the presence of 
ether. Usually, however, it is prepared by taking the logwood extract 
which is found in commerce and treating it with ether. The process is 
a rather long and difficult one and for some reason the products of suc- 
cessive operations differ in their physical characteristics. Whether there 
is any chemical variation is not known. As found on the market hema- 
toxylin is in the form of small crystals, sometimes acicular. Some samples 
formerly on the market were very white, a result produced by using sul- 
phur dioxide in the process of manufacture. This practice is undesirable, 
since it injuriously affects the keeping qualities of solutions, and has been 
abandoned. Commonly crystals range in color from light yellow to a 
rusty purple. In the dry condition the material keeps indefinitely. If 
combined with one molecule of water the crystal form is rhombic, with 
three molecules it is tetragonal. 

Hematoxylin is soluble in water, glycerin and alcohol. It is commonly 
used in aqueous solutions either plain or combined with a mordant. 
Ac]ueous solutions are most readily prepared by first dissolving the hema- 
toxylin crystals in a small quantity of 95 per cent alcohol and then 
adding water in sufficient quantity to make the solution of the right 
concentration, usually 1/2 per cent. Such solutions do not keep indefi- 
nitely and during the development of American hematoxylin much diffi- 
culty has been encountered in preparing it so that it would remain 
usable for any length of time. It has been found that the addition of a 
very small quantity of a sulphite, such as sodium bisulphite, will preserve 
the solution in good condition very much longer. This prevents oxida- 
tion, of course, which is not a drawback in Heidenhain’s technique. In 
case such a solution is employed in a progressive stain the preservative 
action of the sulphite must be overcome by some oxidizing substance. 

Hematoxylin does not stain directly, but only after it has been oxi- 
dized to hematein, and in stains operating progressively this process must 
occur before use. In most cases this is accomplished by allowing it to 
“ripen,’’ which is a process of slow oxidation. It may be more readily 
and accurately accomplished by. the addition of a small quantity of hy- 
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drogen peroxide to the solution. The color depends upon the degree of 
oxidation, hematein, Ci(jHi20(5H20, producing a blue color while di- 
oxyhematein, trioxyhematein and tetraoxyhematein are progressively 
browner. Apparently the best form for use is the trioxyhematein. The 
higher compounds are less precise in action and less agreeable in color. 
A hematein is now available commercially which seems entirely 
satisfactory. 

In regressive stains, such as Heidenhain’s iron-hematoxylin, the tissue 
is first mordanted. Subsequently, when immersing it in a hematoxylin 
solution, a lake is formed between the mordant and the staining agent 
and this becomes fixed in the elements of the tissue. 

Hematoxylin is not a good agent for in toto staining, but it is prob- 
ably the very best of our dyes for sections. It may be applied either pro- 
gressively as in the case of Delafiekrs hematoxylin, or regressively in the 
classical iron alum-hematoxylin method of Heidenhain. 

The color effects in tissues produced by the application of hema- 
toxylin vary with the character of the medium in which it is dissolved. In 
the presence of acids the color is red. In the presence of alkalies it is 
blue. Commonly, because tap water in which sections are washed is 
slightly alkaline, the final result is blue. Fresh solutions, with their lower 
oxidation products of hematein, give bluer effects than the same ones 
after use. Finally, in old baths, only a rusty, greenish black color results. 
In neutral balsam, unchanged by age, the color of hematoxylin in sec- 
tions is permanent. Of all the stains available to the microscopist, hema- 
toxylin is the most generally useful because of its power, selectivity, 
precision and permanence, in addition to its pleasing color. Because of 
its particular affinity for chromatin with ordinary fixations and for cyto- 
plasmic constituents under modified techniques, it is invaluable in cyto- 
logical studies. It is also very adaptable to different mordants and may 
be combined with various compounds containing aluminum, iron, chro- 
mium, molybdenum, etc., to form stains for specific purposes. 

b. Syiithetic Dyes. Aniline dyes. These are classified, according to 
their chemical behavior, as basic and acid. Basic anilines are the ones 
having the staining radical in the position of the base in a salt and they 
therefore operate upon the acid parts of the cell like the chromatin and 
nucleus. Acid dyes, on the contrary, are those in which the radical is in 
the position of the acid in the salt. There are a great many aniline dyes, 
but for most purposes a limited number are entirely satisfactory. The 
basic aniline colors most in use are Bismarck brown, fuchsin (basic), 
gentian violet or crystal violet, Janus green B, methyl green, methylene 
blue, neutral red, safranin, thionin, toluidine blue. The acid dyes most 
in use are Bordeaux red, Congo red, eosin, fuchsin (acid) , orange G, 
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Sudan 111, trypan blue, aniline blue, water soluble light green, fast green. 
A full discussion of the characteristics of aniline dyes by Gonn follows. 

Aniline Dyes^ 

Outstanding information concerning the nature and uses of biological 
stains has been gathered together here. Very little information is given 
concerning the chemistry of the dyes, and nothing concerning the tech- 
nique by which they are employed. For the former information one 
should consult other authorities; for the latter, other sections of this 
book. 

The dyes are listed below in alphabetical order, as this seems the 
arrangement by means of which the biologist can most readily find any 
dye he may desire. The confusing synonymy of dyes often has made it 
necessary to list the same dye in several places; but the description of 
the dye is given only under the one name which has been adopted by the 
Commission on Standardization of Stains as the preferred designation. 

For further detail along the same line as given below the worker is 
referred to the book “Biological Stains.”^ For technique the other sec- 
tions of this book may be consulted and also such standard texts as 
“Krause's EnzyklopMie,"^ Lee's “Microtomist’s Vade-Mecum,"^ and Mal- 
lory and Wright’s “Pathological Technic."^ 

Acid Bordeaux. See Bordeaux red. 

Acid Congo R. See vital red. 

Acid Fuchsin. See fuchsin, acid. 

Acid Green. See light green SF, yellowish. 

Acid Green O. See naphthol green B. 

Acid Magenta. See fuchsin, acid. 

Acid Orange, See orange II. 

Acid Phloxine GR. See chromotrope 2 R. 

Acid Rubin. See fuchsin, acid. 

Acid Yellow R. Se*e metanil yellow. 

Acriflavine. A basic dye of the acridine series, chiefly employed as 
an antiseptic. Also added to bacteriological media for its bacteriostatic 
action. 

Alcohol Soluble Eosin. See ethyl eosin. 

Alizarin. An acid dye of the oxyquinone group, formerly extracted 

^Section on Aniline Byes by H. J. Conn. 

“Conn, H. J. Biological Stains. Geneva, N. Y., Ed. 3, 1936. 

■'Krause, Enzyklopadie der Mikroskopischen Technik. Ed. 3. Berk, 1926, 1927. 

■'^Lce, A. B. The MiGrotoinist’s Vade-Mecum, l^d. 9. London, 1928. 

A Mallory, F. B, and Wright, J. H. Pathological Technic. Ed. 8. Phila., 1924. 
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from madder root, but now prepared synthetically. It stains tissues a 
feeble yellowish red if used on them directly. In the presence of alumi- 
num compounds, intense red colors afe formed; bluish violet in the 
|3resence of iron; and brownish violet in the presence of chromium. It 
has been used as stain for nervous tissue, but its chief present use is as an 
indicator. 

Alizarin Blue RBW. See gallocyanin. 

Alizarin Carmine. See alizarin red S. 

Alizarin No. 6. See purpurin. 

Alizarin Purpurin. See purpurin. 

Alizarin Red, Water Sol. See alizarin red S. 

Alizarin Red S. (Syn. Alizarin red^, water sol. Alizarin carmine. 
Alizarin sulphate.) A strongly acid dye, sodium alizarin sulphonate. It 
has been used by Benda for staining chromatin in preparations in which 
the mitochondria are stained with crystal violet. It has also been used 
as a vital stain for nervous tissue in small invertebrates, and proves to be 
a good stain for bone. 

Alizarin Sulphate. See alizarin red S. 

Amanil Garnet H. See Erie garnet B. 

Amaranth. (Syn. Naphthol red. Fast red. Bordeaux. Bordeaux SF. 
Victoria rubin. Azo rubin. Wool red.) A strongly acid red dye of the azo 
series, having little value as a protoplasm stain. It has been employed for 
staining axis cylinders, but is not one of the commonly used stains. 

Amethyst Violet. (Syn. Heliotrope B. Iris violet.) A basic dye, 
tetra-ethyl pheno-safranin. It is seldom employed for biological staining, 
but has been recommended by Ehrlich and Lazarus in certain triple 
staining procedures. 

Aniline Blue, Ale. Sol. See spirit blue. 

Aniline Blue, Water Sol. (Syn. China blue. Soluble blue 5M or 
zR. Marine blue. Cotton blue. Water blue: Berlin blue.) A strongly 
acid dye of the triphenyl methane series, derived from spirit blue by sul- 
phonation; it is always a mixture, one of the components of which is 
methyl blue (q. v.) . Unfortunately it is a dye whose exact composition 
cannot be controlled by the present methods of manufacture; it is there- 
fore impossible to be sure of the identity of any two batches, even 
though made by the same manufacturer. For this reason it is a rather 
unsatisfactory dye to employ in any delicate staining procedure. 

It is a widely used histological stain, having valuable properties as a 
counterstain. It is also employed as an indicator, but is much less satis- 
factory for the purpose than the sulphonephthaleins. The best known 
procedure at present for which it is required is the Mallory connective 
tissue stain, in which it is combined with orange G and acid fuchsin. 
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Aniline Red. See basic fuchsin. 

Archelline 2B. See Bordeaux red. 

Auramin. (Syn. Canary yellow, Pyoktaniniim aurenm. Pyokianin yel- 
low.) A basic dye of the diphenyl methane series, the only dye of the 
group concerning which references have been found in the literature on 
microscopic technique. Its chief use is as a drug, but it has been occa- 
sionally employed by the microscopist for some special procedure 
(p.189). 

Aurantia. (Syn. Imperial yellow.) An acid dye of the nitro series. 
It is obsolete as a textile dye and is almost unknown as a biological stain. 
It is called for, however, in combination with toluidine blue and acid 
fuchsin in the Champy-Kull technique for demonstrating certain cell 
constituents (mitochondria, etc.) . 

Aurin. See rosolic acid. 

Aurin R. See corallin red. 

Azidine Blue 3B. See trypan blue. 

Azidine Scarlet R. See vital red. 

Azo-Bordeaux. See Bordeaux red. 

Azocarmine G. (Syn. Azocarmme GX. Rosazine. Rosinduline GXF.) 
A basic azine dye; not an azo-dye as its name would indicate, but actually 
closely related to the safranins. Employed in tissue staining, especially in 
the azocarmine modification of the Mallory connective tissue stain. 

Azo-rubin. See amaranth. 

Azure I. See methylene azure. 

Azure II. See Giemsa stain. 

Azure II-Eosin. See Giemsa stain. 

Azure A. A lower homologue of methylene blue (a dimethyl in- 
stead of the tetramethyl derivative of thionin) , a constituent of “azure I” 
as used in the Giemsa blood stain. At present it is prepared only by the 
oxidation of methylene blue, and has no commercial use. 

It is called for in the latest formula recommended for the tetra- 
chrome blood stain of MacNeal. It proves also of considerable value as 
a nuclear stain for sections of fixed tissue, especially for delicate pro- 
cedures where a dye of more definite composition than methylene blue 
must be employed. 

Azure B. This basic dye is the trimethyl derivative of thionin and 
therefore stands between methylene blue and azure A in composition 
and properties. It is prepared, like azure A, from methylene blue by 
oxidation and has only recently been obtained in fairly pure form. It 
is a constituent of “azure I” and is therefore employed in making the 
Giemsa blood stain. Whether it has any special value as a stain has not 
yet been determinecb 
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Azure C. A basic dye, mono-methyl thionin, prepared at present 
only by oxidation of methylene blue and not widely available. In com- 
position and properties it stands between thionin and azure A. It has 
been recommended lately as a nuclear stain for tissues, in combination 
with eosin and orange II. 

Basic Fuchsin. See fuchsin, basic. 

Basic Rubin. See para-fuchsin. 

Benzamine Blue 3B. See trypan blue. 

Benzo Blue. See trypan blue. 

Benzo New Blue 2B. See dianil blue sR. 

Benzopurpurin 4B. (Syn. Cotton red 4B, Dianil red 4C, Diamm red 
4B. Sultan 4B. Direct red 4B.) An acid dye of the azo series that has 
been used for vital staining, and has occasionally been employed as a 
protoplasm stain, especially in contrast to hematoxylin. 

Berlin Blue. See aniline blue, W.S. 

Biebrich Scarlet, Water Sol. (Syn. Croceine scarlet, Scarlet B. or 
EC. Ponceau B. Double scarlet.) An acid dye, a sulphonated Sudan III. 
Unlike the latter, it is water soluble and is not, therefore, a fat stain. 
It has occasionally been used as a protoplasm stain in contrast to methy- 
lene blue of hematoxylin. 

Bindschedler’s Green. A basic indamine dye, having some value 
as an indicator of oxidation-reduction potential. 

Bismarck Brown R. A dye sometimes sold in place of Bismarck 
brown Y. Apparently a satisfactory substitute. 

Bismarck Brown Y. (Syn. Vesuvin. Phenylene hrotvn. Manchester 
brown. Excelsior brown. Leather brown.) A weakly acid dye of the azo 
series, formerly quite extensively used as a contrast stain, but now re- 
placed to some extent by other counterstains. It is still used, however, 
as a mucin stain and is good for vital staining and for staining in bulk. 
It is employed in staining cellulose walls of plants in contrast to hema- 
toxylin and occasionally for staining bacteria in contrast to gentian violet 
in the Gram technique. It produces a good stain for photomicrographic 
purposes and was extensively used by Foot and Strobelh* for staining 
smears of Hemipteran germ cells. 

Blood Stains. See Giemsa stain, Jenner stain, Romanovsky stain, 
tetrachrome stain, and Wright stain. 

Bordeaux. See amaranth. 

Bordeaux B, BL, G and R. See Bordeaux red. 

Bordeaux Red. (Syn. Fast red B or P. Cerasin. Archelline 2B. Azo- 
bordeaux. Acid Bordeaux.) An acid dye of the azo series, employed as a 
cytoplasmic stain, particularly when Heidenhain’s hematoxylin is to be 
used immediately afterward as a nuclear stain. Also used in combination 

Foot, K., and Strobell, E. C. ^m. /. 4: 199-243, 1905. 
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with thionin and methyl green, for staining sections, especially of spleen, 
testis, and livei\ 

Bordeaux SF. See amaranth. 

Brilliant Blue C. See brilliant cresyl blue. 

Brilliant Congo Red. See vital red. 

Brilliant Cresyl Blue. (^Cresyl blue 2N or BBS; Byillicmt blue C.) 

A basic dye of the oxazin group, valuable for certain special work on 
account of its highly metachromatic properties. Its chief biological use 
is for staining blood to demonstrate the platelets and reticulated 
corpuscles. 

Brilliant cresyl blue is a difficult dye to manufacture and as there is . 
no commercial demand for it, it is expensive. It proves C][uite a problem 
from the standpoint of standardization; and although considerably 
studied of recent years, it is not believed that all batches on the market 
are yet entirely reliable. 

Brilliant Dianil Red R. See vital red. 

Brilliant Fat Scarlet B. See Sudan R. 

Brilliant Green. (Syn. Ethyl green. Malachite green G.) A basic 
dye of the triphenyl methane series. It has little if any use in microscopic 
technique; but is widely employed by the bacteriologist as a constituent 
of special culture media, as in the isolation of the typhoid organism and 
in the search for the colon organism in water. In these media it is used 
for its selective inhibitory properties on certain microorganisms. 

Brilliant Pink. See rhodamine B. 

Brilliant Ponceau. See ponceau sR. 

Brilliant Purpurin R. An acid azo dye, that has been employed as 
a vital stain for yeast. 

Brilliant Yellow S. (Syn. Curcumine; Yelloxo WR.) An acid azo 
dye, sometimes employed as a counterstain in a modification of the Ziehl 
technique for demonstrating the tubercle organism. 

Brom Chlor Phenol Blue. An acid dye of the sulphonephthalein 
series, changing from yellow to blue through the H-ion range between 
3.0 and 4.6, and hence having use as an indicator. May also be used as 
an indicator of reaction in vital staining. 

Bronx Cresol Green. An acid dye of the sulphonephthalein series, 
used as an indicator, having a sensitive range between pH 3.8 and 5.4. 
This I'ange is close to that of methyl red, and as the dye is not subject to 
reduction and fading of its color, it is often preferred to methyl red. 
Can be employed in microscopic work as indicator of reaction when used 
for vital staining. 

Brom Cresol Purple. An acid dye of the sulphonephthalein series, 
much used as an indicator of reaction, having its sensitive range a little 
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to the acid side of neutrality, namely between pH 5.2 and 6.8. For certain 
accurate chemical work it is undesirable because it is blue in reflected 
light but purple in transmitted light (in such cases substitute brom 
phenol red) ; but this dichromatism does not interfere with most of its 
biological uses. In vital staining, it also serves as an indicator of reaction. 

Brom Phenol Blue. An acid dye of the sulphonephthalein series, 
employed as an indicator, with a sensitive range from pH 3.0 to 4.6. In 
vital staining it finds employment as an indicator of reaction. 

Brom Phenol Red. An acid dye of the sulphonephthalein series, 
having indicator properties, with a sensitive range between pH 5.2 and 
6.8. Can be used as an indicator of reaction in vital staining. For accurate 
chemical work it is recommended in place of brom cresol purple, because 
it is free from the dichromatism which is sometimes troublesome in the 
latter. 

Brom Thymol Blue. An acid dye of the sulphonephthalein series, 
one of the most useful indicators of reaction, as its sensitive range in- 
cludes the neutral point, covering pH 6.0 to 7.6. In vital staining it also 
serves as an indicator of reaction. 

Brown Salt R. See chryosidin Y. 

Buffalo Garnet H. See Erie garnet B. 

Caesar Red. See eosin, bluish. 

Canary Yellow. See auramin. 

Carmoisine. See chromotrope 2R. 

Celestin Blue B. (Syn. Coreine 2R.) A basic dye of the oxazin 
series, used in the form of an iron lake, as a nuclear stain. 

Cerasin. See Bordeaux red. 

Cerasin Red. See Sudan III. 

China Blue. See aniline blue, W.S. 

Chlor Cresol Green. An acid dye of the sulphonephthalein series, 
having indicator properties, with a sensitive range between pH 4.0 and 
5.6, May be used as an indicator of reaction in vital staining. Is fre- 
quently to be substituted for methyl red, when the unstable nature of 
the latter is objectionable. 

Chlor Phenol Red. An acid dye of the sulphonephthalein series 
employed as an indicator, with a sensitive range between pH 4.8 and 6.4. 
Can occasionally be substituted for methyl red, where the unstable na- 
ture of the latter renders it undesirable. May also find employment in 
vital staining, where it can serve as an indicator within the tissue. 

Chlorazol Blue 3B. See trypan blue. 

Chrom Blue GCB. See gallocyanin. 

Chrom Violet. An acid dye of the rosalic acid series. 

Chromotrope 2R. (Syn. Chromotrope N2R. Chromotrope blue 2R. 
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XL carrnoisine 6R. Fast fuchsin G. Acid phloxine GJR.) An azo dye, 
closely related to orange G, which has been employed as a counterstain 
in histology. 

Chrysoidin Y. (Syn. Brotvn salt R, Dark brown salt R.) A basic 
azo dye. Occasionally used as a substitute for Bismarck brown. 

Congo. See Congo red. 

Congo Blue 3B. See trypan blue. 

Congo Corinth G or GW. See Erie garnet B. 

Congo Red. (Syn. Congo, Cotton red. Direct red.) An acid dye of 
the azo group, best known to the biologist as an indicator. It also has 
certain value as a histological stain, as for demonstrating axis cylinders 
in nervous tissue, and mucin in plants, as well as serving for a general 
background stain in contrast to hematoxylin, and other nuclear dyes. 

Corallin Red. (Syn. Aurin R.) A compound dye, assumed to be the 
pararosanilin salt of pararosolic acid. 

Corallin Yellow. The sodium salt of rosalic acid. 

Coreine 2R. See celestin blue B. 

Corinth Brown G. See Erie garnet B. 

Cotton Blue. See methyl blue. 

Cotton Corinth G. See Erie garnet B. 

Cotton Red. See Congo red. 

Cotton Red 4B. See benzopurpurin 4B. 

Cresol Red. An acid dye of the sulphonephthalein series, used as an 
indicator, having a sensitive range between pH 7.2 and 8.8. In vital stain- 
ing it also serves as an indicator of reaction. 

Cresolphthalein. A weakly acid dye of the xanthene series, very 
closely related to the much better known phenolphthalein. Like the lat- 
ter, it is employed as an indicator, and has a very similar range (pH 8.3 
to 10.0) . For some purposes it is preferable to phenolphthalein. 

Cresyl Blue 2RN or BBS. See brilliant cresyl blue. 

Cresylecht Violet. See cresyl violet. 

Cresyl Violet. (Syn. Cresylecht violet, i.e., Cresyl fast violet.) A 
basic dye of the oxazin group. It is not a textile dye, and is not widely 
used as a stain; but finds some employment because of its strongly meta- 
chromatic properties. According to Ehrlich, it stains nuclei violet, plasma 
blue, amyloid, mucin, and mast cell granules red. It is valuable for 
making permanent preparations of nervous tissue. It has recently been 
employed for staining sections of fresh tumor tissue in diagnostic and 
autopsy work. 

At least two different dyes have been used in the past by biologists 
under this name and some confusion has resulted. There is no question 
as to which is correctly termed cresyl violet, but it is doubtful whether 
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in any given instance this is the dye actually used by the author of some 
' technique calling for a stain so named. The matter is still xinder in- 

vestigation. 

Croceine Scarlet. See Biebrich scarlet, water sol. 

Crystal Violet. (Syn. Violet G or yB. Hexamethyl violet. Methyl 
violet loB. Gentian violet.) A basic dye of the triphenyl methane group 
—hexamethyl pararosaniline. It is a constituent of all the bluer shades of 
methyl violet and gentian violet; and apparently the most important 
constituent of pre-war gentian violet for the purposes for which the 
microscopist employed the latter (see gentian violet) . Crystal violet has 
I been definitely specified in certain procedures, such as Benda’s crystal- 

violet-alizarin method for staining chondriosomes, and in a more re- 
I cently proposed stain (Jackson'^) in combination with erythrosin 

I for staining lightly lignified walls in plants. Besides such special pro- 

cedures as this, it is now highly recommended in nearly all procedures 
calling for gentian violet, as crystal violet is a definite chemical com- 
pound and therefore more constant in composition than gentian violet. 
The only exception to this is that in certain procedures crystal violet is 
slightly too blue for the proper contrast; in such instances one of the 
methyl violets (2B or redder) is to be recommended (see methyl violet) . 

Curcumine. See brilliant yellow S. 

Dahlia. See Hofmann violet. 

Dahlia B. See methyl violet. 

Dark Brown Salt R. See chrysoidin Y. 

Diamine Bordeaux CGN. See Erie garnet B. 

I Diamine Red 4B. See benzopurpurin 4B. 

I Diamond Fuchsin. See basic fuchsin. 

Diamond Green. See malachite green. 

Dianil Blue 2R. (Syn. Direct steel blue BB. Benzo new blue 2B. 
I Naphthamine brilliant blue 2R.) An azo dye closely related to trypan 

I • red and trypan blue; sometimes employed in vital staining. 

Dianil Blue H3G, See trypan blue. 

Dianil Red 4C. See benzopurpurin 4B. 

Dianthin B. See erythrosin, bluish. 

Dianthin G. See eosin, bluish. 

Diazin Green. See Janus green B. - 

Direct Garnet R. See Erie garnet B. 

Direct Red. See Congo red. 

Direct Red 4B. Sqe benzopurpurin 4B. 

Direct Steel Blue BB. See dianil blue 2R. 

Direct Violet C. See Erie garnet B. 

Jackson, G. Stain Technology, 1: 33, 1936. 


5^4 


MICROSCOPICAL TECHNIQUE 


Double Green. See methyl green. 

Double Scarlet. See Biebrich scarlet, water sol. 

Emerald Green. See malachite green. 

Eosin, Alcohol Sol. See methyl eosin and ethyl eosin. 

Eosin, Bluish. (Syn. Eosin, BN, B, BW, or DKV. Safrosin. Eosin 
scarlet B or BB, Scarlet J, JJ, or F. Nopalin G. Caesar red) . An add 
dye of the xanthene series, dinitro-dibrom fluorescein. It pr'Oves to be a 
useful counterstain for hematoxylin. Ordinarily, however, if a shade 
deeper than eosin Y is desired, better results can be obtained with eryth- 
rosin, phloxine or rose bengal than with eosin B. One company, in fact, 
puts on the market a product labelled *‘eosin, bluish blend,” (formerly 
sold as eosin bluish) which is a mixture of eosin Y with some one of the 
dyes just named; it is very satisfactory for certain staining procedures, 
but must not be confused with true eosin B. 

Eosin BN, B, BW, and DKV. See eosin, bluish. 

Eosin J. See erythrosin, bluish. 

Eosin S. See ethyl eosin. 

Eosin Scarlet B and BB. See eosin bluish. 

Eosin W or WS. See eosin Y. 

Eosin Y. (Syn. Water soL eosin. Eosin W or kFS.) An acid dye of 
the xanthene group—tetrabrom fluorescein. There are several other 
eosins besides eosin Y, all derivatives of fluorescein, but this grade (i.e., 
yellowish eosin) is ordinarily referred to when eosin alone is specified. 

Eosin Y is probably the most commonly used of the red acid dyes. It 
is one of the most valuable cytoplasm stains known and is employed in a 
great variety of procedures. It is most frequently used as a counterstain 
for hematoxylin and the green or blue basic dyes; also by Mann, mixed 
with methyl blue, as a tissue stain. One of the uses for which it is at 
present in greatest demand is in the various blood stains, in which it is 
combined with methylene blue or with some oxidation product of the 
latter (see Giemsa stain, Jenner stain, Romanovsky stain, tetrachrome 
stain, Wright stain) . 

Erie Garnet B, (Syn. Congo corinth G or GW. Corinth brozvn G: 
Cotton corinth G. Amanil garnet H. Direct garnet R. Buffalo garnet H. 
Direct xnolet C. Diamine. Bordeaux CGN.) An acid azo dye, that has 
been employed, mixed with azure A, for staining fresh frozen tissue. 

Erythrosin B. See erythrosin, bluish. 

Erythrosin BB. See phloxine. 

Erythrosin, Bluish. (Syn. Erythrosin B. Pyrosin B. Eosin J. lodo- 
eoshi B. Dianthin B.) An acid dye of the xanthene group— tetra-iodo 
fluorescein. This is probably the dye that has been used in the past in 
instances where ‘'erythrosin” is specified. No procedures are definitely 
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known, in fact, where the yellowish erythrosin is more satisfactory than 
the bluish type; and as the former is an obsolete dye, while the latter 
is a recognized food color, the bluish type is the one now ordinarily 
obtainable. 

Erythrosin is used somewhat as an indicator; and has fairly extensive 
employment as an histological stain, although not so widely used as 
eosin Y, Its value for histological purposes is as a red counterstain not 
quite so yellow and not quite so strongly acid in character as eosin Y. 
These two properties make it useful in some procedures where eosin Y 
is not wholly satisfactory. It has been employed as a stain for bacteria 
in soil. 

Erythrosin R or G. See erythrosin, yellowish. 

Erythrosin, Yellowish. (Syn. Erythrosin R or G. Pyrosin J. Dianlhm 
G, lodo-eosin G.) An acid dye of the xanthene group—di-iodo fluores- 
cein. It may have been used in the past for some procedures in which 
simply “erythrosin” has been named. The bluish grade is now ordinarily 
employed, however. 

Ethyl Eosin. (Syn. Eosm^ alcohol sol. Eosin S.) An acid dye of the 
xanthene group, the ethyl ester of eosin Y. This dye has ordinarily been 
sold in the past as alcohol soluble eosin; but the term ethyl eosin is to 
be preferred as there are other alcohol soluble eosins, particularly the one 
known as methyl eosin. Apparently the ethyl compound is the one that 
was available before the war. Since the war there has been some confu- 
sion in the matter. 

It is a very valuable counterstain after Delafield’s hematoxylin in 
general histological work. It is specially called for in contrast to methyl- 
ene blue in searching for Negri bodies in the nervous tissue of animals 
suspected of having had rabies. 

Ethyl Green. See brilliant green. Also the name of one type of 
methyl green (q.v.) . 

Ethyl Purple 6B. See ethyl violet. 

Ethyl Violet. (Syn. Ethyl purple 6B.) A rosanilin dye, closely re- 
lated to methyl violet. Has been employed in combination with Biebrich 
scarlet to stain the islets of Langerhans. 

Excelsior Brown. See Bismarck brown Y. 

Fast Acid Blue R. (Almost the same as Violamme 3B.) A complex 
rhodamine, that has been used for staining bacteria in soil. 

Fast Acid Green N. See light green SF, yellowish. 

Fast Blue B. See naphthol blue. 

Fast Blue 3R. See naphthol blue. 

Fast Fuchsin G. See chromotrope 2R. 

Fast Green FCF. An acid dye of the di-amino tri-phenyl methane 
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series, closely related to light green SF yellowish. It is now preferred to 
the latter as a counterstain because of its greater permanency. 

Fast Printing Green. See naphthol green Y. 

Fast Red. See amaranth. 

Fast Red B or P. See Bordeaux red. 

Fast Violet. See gallocyanin. 

Fast Yellow. An acid dye of the azo group closely related to 
methyl orange, rarely employed as a biological stain, although occa- 
sionally called for in certain special procedures. 

Fettponceau. See Sudan IV. 

Fluorescein. (Syn. Uranin.) An acid dye, the simplest member of 
the fluorane group and the mother substance of the eosins. It is of low 
tinctorial power, but has a very marked yellow fluorescence which is de- 
tectable even in extremely great dilution. The dye has no apparent value 
as a biological stain. 

Fuchsin, Acid. (Syn. Fuchsin S, SN, SS, ST, or S III. Acid magenta. 
Acid rub in.) An acid dye (or group of dyes) of the trimethyl methane 
series, derived from basic fuchsin by sulphonation. As there are four 
primary basic fuchsins theoretically possible, and as each one of them 
may yield a mono-, di- or trisulphonic acid, an extremely great variety 
of different acid fuchsins may occur, and its manufacture is very difficult 
to control so as to produce a uniform product. Recent work by Scanlan, 
Holmes and French,^ however, shows that to a certain extent such con- 
trol is possible, and the future may see a more uniform product supplied 
to microscopists. 

Acid fuchsin is one of the most widely used cytoplasm stains. It has 
also been called for in many special procedures, such as the Van Gleson 
(p. 405) connective tissue stain, in which it is used with picric acid after 
hematoxylin to differentiate smooth muscle from connective tissue; the 
Ehrlich-Biondi stain, in which with methyl green and orange G it is 
employed in histology and for staining blood smears; the Ehrlich tri-acid 
stain for blood, in which it is combined with orange G and methyl 
green; the Pianese stain for cancer tissue (with malachite green and 
martins yellow), now mostly used in studying infected vascular plants; 
as a constituent of the Mallory aniline blue connective tissue stain; and 
with methyl green as a stain for mitochondria. 

Fuchsin, Basic. (Syn. Diamond fuchsin. Magenta. Rubin. Aniline 
. red.) A basic dye (or group of dyes) of the triphenyl methane group. 
There are four primary basic fuchsins theoretically possible, according to 
the number of methyl groups introduced into the benzene rings. If no 
such methyl group is present the compound is known as pararosanilin; 

** Scanlan, Holmes, and French, Siam Technology, 2: 50, 1927. 
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if one, it is known as rosanilin; if three, as new fudisin. All three of 
these compounds are known in fairly pure form. The compound inter- 
mediate between rosanilin and new fuchsin, although possible and un- 
doubtedly present in some of the basic fuchsins, is not obtained pure 
without special methods of preparation, and is not a recognized dye. 
Ordinary basic fuchsins are mixtures of pararosanilin and rosanilin. 

Basic fuchsin is one of the most powerful nuclear dyes, almost too 
powerful for delicate histological work, on account of its tendency to 
overstain. It is employed for mucin and elastic tissue; but by far its most 
important microscopic use is as a bacterial stain, particularly in the 
Ziehl-Neelsen method for differentiating the tubercle organism and thus 
diagnosing tuberculosis. The bacteriologist also uses it, in decolorized 
form, in the Endo medium as an indicator to distinguish between the 
typhoid and colon organisms, thanks to the property of the latter of 
restoring the red color if growing in the presence of lactose. 

Basic fuchsin, decolorized by sulphite as in the Endo medium, is em- 
ployed by chemists as an indicator for detecting aldehyde, in the presence 
of which a violet-red color is produced. It is similarly used in the Feulgen 
stain, in which it has been thought to act as a microchemical reagent to 
show the presence of aldehyde-like bodies in nuclei. Its exact significance 
in this procedure, however, has not yet been determined. Not all basic 
fuchsins are satisfactory in the Feulgen procedure. 

Fuchsin NB. See new fuchsin. 

Fuchsin S, SN, SS, ST, or S III. See acid fuchsin. 

Galiamin Blue. A basic dye of the oxazin series, sometimes used as 
a nuclear stain. 

Gallocyanin. (Syn. Alizarin blue RBN. Chrorn blue GCB. Fast vio- 
let) . A basic oxazin dye, sometimes used as a nuclear stain. 

Gambine. See naphthol green Y. 

Gentian Blue. See spirit blue. 

Gentian Violet. This is not a textile dye, and is not recognized in 
the regular dye industry. Under this name, Griibler sold to biologists a 
mixture of one of the higher methyl violets with crystal violet. It may 
therefore be regarded as a very highly methylated methyl violet. Soon 
after the war it was found that some dealers in the United States were 
selling crystal violet under the name of gentian violet, and as this was 
found to give better results than most of the methyl violets, the practice 
has been recognized by the adoption of the following definition of gen- 
tian violet by the Commission on Standardization of Biological Stains: 

“Gentian violet . . . must be either pentamethyl or hexamethyl 
pararosanilin, or else a mixture of methylated pararosanilins composed 
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primaiily of the compounds just named and having a shade at least as 
deep as that recognized in the trade as methyl violet sB/’ 

The Commission is at present recognizing two grades of gentian vio- 
let: one gentian violet bluish, which is primarily or entirely crystal 
violet; the other gentian violet reddish, which is apparently a mixture, 
one of the deeper methyl violets. 

This stain is of chief value to the biologist as a nuclear or chromatin 
stain, having many histological and cytological applications, the one for 
which it is most commonly employed at present being the Flemming 
triple stain (with orange G and safranin) . It is also used for various his- 
tological procedures. It is an extremely valuable bacterial stain, espe- 
cially in the Gram technique, with its various modifications. Recently it 
has been further employed for its inhibiting effect on certain bacteria 
and has been suggested as a therapeutic agent. 

For the Gram stain (as well as for staining bacteria in general) the 
bluish grade or crystal violet proves most satisfactory; this grade is like- 
wise to be preferred in most histological and cytological work, including 
tlie Flemming technique. In certain variations of the Flemming stain, 
liowever, some microscopists seem to get better results with the reddish 
grade. It has also been stated that crystal violet alone does not have such 
pronounced inhibiting action on bacteria as do some of the mixtures 
that have been sold as gentian violet. 

Giemsa Stain. (Syn. Azure-lLeosin) A so-called “neutral stain,” 
used in staining blood; a compound of eosin with one of the derivatives 
of methylene blue, known as “azure IL” Azure II is a mixture of azure I 
(see methylene azure) and methylene blue in equal parts. In the Giemsa 
stain this mixture is compounded with eosin, and the eosinates which are 
formed, being practically insoluble in water, precipitate out. This pre- 
cipitate is the Giemsa stain, and can be used in alcoholic solution, as are 
the Wright stain and tetrachrome stain. 

Gold Orange. See orange IL 

Gray R, B, BB. See nigrosin, water .sol. 

Green PL. See naphthol green B. 

Helianthin. See methyl orange. 

Heliotrope B. See amethyst violet. 

Helvetia Blue. See methyl blue. 

Hexamethyl Violet. See crystal violet. 

Hofmann Green. See iodine green. 

Hofmann Violet. (Syn. Dahlia. Iodine violet. Red violet. Violet R^ 
RR, or 4RN.) A basic dye of the triphenyl-methane series, closely re- 
lated to methyl violet, but having ethylated instead of methylated amino 
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groups. Like iiiethyl violet it may vary considerably in shade, as it is a 
mixture of various homologues of the series. 

The dye has been used occasionally in histological work, and has 
been specially recommended for staining mast cells and amyliod. It has 
considerable metachromatic effect. 

Imperial Yellow. See aurantia. 

Indian Blue 3RD. See naphthol blue. 

Indigo. (Syn. Indigo blue.) A well-known blue dye formerly obtained 
from certain species of plants, but now ordinarily manufactured syntheti- 
cally. It was formerly employed to some extent as a biological stain, but 
has little such use at the present time. 

Indigo Blue. See indigo. 

Indigo Carmine. (Syn. Indigotine lA.) A blue dye closely related to 
indigo, which is sometimes used as a cytoplasm stain in contrast to 
carmine. 

Indigotine lA. See indigo carmine. 

Indin Blue 2RD. See naphthol blue. 

Indophenol Blue. A colored compound of the indophenol group; 
possibly the same indophenol as employed by Herxheimer as a fat stain. 

Indulin, Spirit Soluble, and Indulin, Water Soluble. Two azin 
dyes, closely related to the safranins; occasionally employed as a counter- 
stain for tissue in bulk, or for the negative staining of bacteria. 

Indulin Black. See nigrosin, water sol. 

lodo-eosin B. See erythrosin, bluish. 

lodo-eosin G. See eosin, bluish. 

Iodine Green. (Syn. Hofmann green.) A basic dye of the triphenyl- 
methane series, closely related to methyl green, differing from the latter 
in being a rosanilin derivative while the latter is supposed to be derived 
primarily from pararosanilin. It is a nuclear or chromatin stain having 
selective properties that make it of value in certain special procedures. 
It has been used for staining nervous tissue in combination with acid 
fuchsin and picric acid, and as a blood stain in combination with acid 
fuchsin; with basic fuchsin it has been employed for staining chromatin 
in plant tissue, and with acid fuchsin for lignified xylem. It is also em- 
ployed for staining mucin and amyloid, having the property of giving the 
latter a red instead of a green color. 

Iodine Violet. See Hofmann violet. 

Iris Violet. See amethyst violet. 

Isamine Blue. A complex sulphonated rosanilin that ha;s occa- 
sional use as a vital dye. 

Isorubin. See new fuchsin. 

Janus Green B. (Syn. Diazin green.) A basic dye related both to the 
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safranins and to the azo dyes. It is best known to the biologist for its use 
in demonstrating chondriosomes, stained intra vitarn. It has also been 
employed with neutral red for staining sections of embryos. 

Jenner Stain. One of the first compounds of eosin and methylene 
blue used for staining blood. It is still employed to some extent, although 
for most purposes it gives much less satisfactory results than do the 
Geimsa, the Wright or the tetrachrome stains (q.v.). Jenner’s stain is 
merely the eosinate of methylene blue, precipitated from aqueous solu- 
tion and redissolved in methyl alcohol. As polychrome methylene blue is 
not used in preparing it, the stain does not give the many colored effects 
obtained with any one of the other three blood stains just mentioned. 

Lacmoid. An indicator, closely related to resorcin blue (q.v.) . 

Lake Pouceau. See pouceau sR. 

Lauth’s Violet. See thionin. 

Leather Brown. See Bismarck brown Y. 

Leather Yellow. See phosphine. 

Light Green SF, Yellowish. (Syn. Light green 2G, 5G, 4G, or 
2GN. Acid green. Fast acid green N.) An acid dye of the triphenyh 
methane series. It is a valuable cytoplasm stain often employed for stain- 
ing tissues in contrast to iron hematoxylin, although it fades badly if 
exposed to bright light. It has also been used in contrast to safranin as a 
cytoplasm stain for spermatozoa, and as a cytoplasm and cellulose stain 
in plant histology. 

Care must be taken not to confuse this dye with other light greens 
(such as malachite green and methyl green) . If the grade '‘SF yellowish’' 
is not specified in ordering there is danger of obtaining some other dye 
than the one desired. 

Light Green 2G, 3G, 4G, or 2Gn. See light green SF, yellowish. 

Light Green N. See malachite green. 

Litmus. A natural dye obtained from certain lichens. It is used 
chiefly as an indicator; and at present much less even for that purpose 
than formerly. 

Lyons Blue. See spirit blue. 

Magdala Red. (Syn. Naphthaline red. Naphthaline pink. Naphthyl- 
amine pink. Sudan red.) A basic dye of the safranin group (a naphtho- 
safranin) . True magdala red is very expensive, and was sold before the 
war under the name “magdala rot, echt.” A cheaper “magdala red,” 
without qualifying designation, was also put on the market by Griibler 
before the war, which proves to have been (in some instances, at least) 
a fluorescein derivative (phloxine or erythrosin) rather than a safranin. 
It is possible to obtain a fluorescein dye of exactly the shade of magdala 
red, indistinguishable from it even by spectrophotometric analysis, but it 
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has acid instead of basic properties. Such seems to have been the nature 
of the cheaper “magdala red” available before the war. At least one 
instance is known in which this has led to confusion. Chamberlain*^ has 
employed ‘hnagdala red” with aniline blue in staining algae; but finds 
that true magdala red is unsatisfactory in the technique, while phloxine 
gives him more dependable results than obtained with the so-called 
“magdala red” which he formerly used. Magdala red has also been em- 
ployed occasionally in animal histology, either as a nuclear or an elastin 
stain; for these purposes pi'obably the true dye was used. 

Magenta. See basic fuchsin. 

Malachite Green. (Syn. Emerald gi^een. New Victoria green. Dia- 
mond greeyi. Solid green. Light greeyi N.) A weakly basic dye of the 
triphenyl methane series. It was formerly employed for various histologi- 
cal purposes, but today has largely been replaced by methyl green. It is 
still used by botanists (together with acid fuchsin and martius yellow) 
for staining host tissue in plants infected with fungi. 

Although this dye is also known as light green N, it is not the dye 
which the microscopist wants in procedures calling for light green. Light 
green SF yellowish is the dye ordinarily to be employed in such proce- 
dures, but when light green, without qualifying designation, is ordered, 
the dye manufacturer sometimes furnishes malachite green. 

Malachite Green G. See brilliant green. 

Manchester Brown. See Bismarck brown Y. 

Manchester Yellow. See Martius yellow. 

Mandarin G. See orange 11 . 

Marine Blue. See aniline blue, W.S. 

Martius Yellow. (Syn. Manchester yellow. Naphthol yelloiv.) An 
acid dye of the nitro series, quite closely related to picric acid. It was 
used by Pianese in combination with malachite green and acid fuchsin 
for- studying cancer tissue; the same technique is now applied by bot- 
anists to the study of sections of plants infected by fungi. The dye is also 
employed in preparing certain light filters for photomicrography. 

Meldola’s Blue. See naphthol blue. 

Mercurochrome 220. A mercuric derivative of fluorescein, closely 
related to eosin. Primarily employed as a weak antiseptic, but occasion- 
ally called for in place of eosin or erythrosin as a cytoplasm stain. 

Meta-cresol Purple. An acid dye of the sulphonephthalein series, 
used for its indicator properties, changing from red to yellow through the 
range between pH 1.2 and 2.8, and from yellow to purple between pH 
7.4 and 9.0. Can be employed in microscopic work as an indicator of 
reaction when used as a vital stain. 

® Chamberlain, C. J. Stain Technology, 2: gi, 1927. 
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Metanil Yellow. (Syn. Orange MNO or MN. Acidyellotv R. Soluble 
yellow OL. Yellow M, Trapaeolm G.) An acid dye of the azo series, em- 
ployed in the Masson trichrome technique. 

Methyl Blue. (Syn. Cotton blue. Helvetia blue.) An acid dye of the 
triphenyl methane series, it is one of the components of aniline blue, 
water soluble (q. v.) . It is largely employed in the Mann (p. 536) tech- 
nique (with eosin) for staining nerve cells. It is a good counterstain, for 
contrast to a red nuclear stain such as safranin or carmine; picric acid is 
sometimes used with it when it is thus employed. 

Methyl Eosin. (Syn. Eosin, alcohol sol.) An acid dye of the 
xanthene group, the methyl ester of eosin Y. It may sometimes have been 
employed where eosin, alcohol soluble, has been specified, although for 
this purpose the dye most frequently used has probably been ethyl eosin 
(q. V.) . 

Methyl Green. (Syn. Double green. Light green.) A basic dye of the 
triphenylmethane series, closely related to iodine green, derived from 
crystal violet by the introduction of a seventh methyl group through the 
action of methyl chloride or iodide. Sometimes an ethyl halide is thus 
used in its preparation; in which case the dye may be designated ethyl 
green. It is readily decomposed and this added methyl or ethyl group 
driven off. Thus some of the violet dye from which it is derived is 
almost sure to be present; and this fact partly, at least, explains the 
metachromatic action of methyl green. 

Methyl green is an extremely valuable nuclear stain in histology and 
chromatin stain in cytology, and is used with various counterstains 
especially acid fuchsin. Ehrlich has combined it to form a ‘‘neutral stain” 
with orange G and acid fuchsin, and employs the compound as a blood 
stain. Botanists find it valuable for lignified xylem, with acid fuchsin for 
contrast. It is much used today mixed with pyronin in the Pappenheim 
stain, employed for staining the gonococcus and mast cells. It is a very 
valuable chromatin stain for protozoa. 

Following the war, methyl green was one of the most difficult stains 
to obtain in satisfactory quality. The problem seems to have been solved 
completely now, however, and for some time no complaints of American 
methyl greens have been heard. 

Methyl Orange. (Syn. Orange III. Helianthin. Gold orange. Trope- 
olin D.) A weakly acid dye of the azo series, chiefly employed as an 
indicator. It is occasionally used in histology, however, as a counterstain 
and in one or two special procedures. 

Methyl Red. An old and well known indicator, having a sensitive 
range between pH 4.4 and 6.0. Where a quick reading is desired it is 
excellent but the color fades rapidly. Hence it is not suitable for the 

■ ■ ■ 
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preparation of color standards, nor for work where it is desired to study 
H-ion changes in a solution to which an indicator is added. For such 
purposes it should be replaced by one of the sulphonephthalein indi- 
cators— either brom cresol green or chlor cresol green if the acid half of 
its range is under consideration, or chlor phenol red in the case of the 
alkaline end of the range- 

Methyl Violet. (Syn. Dahlia B. Paris violet. Pyokianm blue. Gentian 
violet) A basic dye of the triphenyl methane series. (See also gentian 
violet and crystal violet.) It is a mixture of tetramethyl, pentamethyl, 
and hexaniethyl rosanilins or pararosanilins. The hexamethyl compound 
alone is known as crystal violet. The greater the degree of methylation 
the less red and the more blue is its shade; this leads to various shade 
designations such as 2R, R, B, sB, 5B, 6B, etc. (R standing for red, B 
for blue) . Each designation, such as methyl violet 2B, indicates a fairly 
definite shade, but not a definite chemical composition, as the same 
shade may be obtained by different mixtures of compounds in this 
group. 

Methyl violet, sometimes with and sometimes without shade designa- 
tion, has been specified in various procedures as a nuclear stain and 
sometimes as a bacterial stain in the Gram technique. For some of these 
procedures, as good (or better) results can be obtained with crystal 
violet alone as with one of the indefinite mixtures known as methyl 
violet; in such cases, crystal violet should be used, and specified for the 
technique in question, because it is a definitely known chemical com- 
pound. In some instances, however, crystal violet is not sufficiently red- 
dish in shade to give the proper contrast; then a methyl violet should 
be used. For such purposes the grade 2B seems fairly satisfactory; it is 
distinctly redder than crystal violet and yet not so red but that it will 
show contrast to a red counterstain. 

Methyl Violet loB. See crystal violet. 

Methylene Azure. (Syn. Azure I.) A name given to an oxidation 
product of methylene blue. It is of secret composition but apparently 
consists partly of azure A and partly of azure B. It is called for in the 
Giemsa stain for blood (q. v.) and was originally specified in the tetra- 
chi'ome stain. More recent formulae of the latter, however, call for 
azure A instead of the mixture formerly known as azure I (see tetra- 
chrome stain). Apparently in most instances where methylene azure is 
called for, azure A can be used to best advantage. 

Methylene Blue. (Syn. Srviss blue.) A basic dye of the thiazin series, 
tetramethyl thionin. To the pathologist and bacteriologist methylene 
blue is perhaps the most valuable of all the stains, while the zoologist 
also finds many uses for it. It is used, first, as a nuclear stain in histology; 
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second, as a bacterial stain, notably in milk work and in the diagnosis 
of diphtheria; third, in the vital staining of nervous tissue and fourth, in 
combination with eosin in the blood stains. 

Its greatest value along these lines is that it is a strong basic dye 
without great tendency to overstain, and that it has very pronounced 
metachromatic properties. These metachromatic properties are especially 
likely to develop in methylene blue solutions on standing, and such a 
solution is known as “polychrome methylene blue.” Its formation is 
hastened by boiling with alkali. What actually happens is that the 
methylene blue is partly oxidized into its lower homologues, methylene 
violet and the azures (cj. v.) . In preparing Wright's stain, methylene 
blue is polychromecl before combining with eosin. 

The ease with which methylene blue oxidizes into these lower homo- 
logues makes it almost impossible to secure a pure methylene blue. 
Practically all, if not all, commercial methylene blues are partly poly- 
chromed, and it has been claimed that the most valuable properties of 
methylene blue are the oxidation products thus produced. It appears, 
in fact, that pure methylene blue is a relatively poor nuclear stain, with 
very little metachromasy, while the lower homologues are successively 
better nuclear stains and more highly metachromatic. 

Before the war some of the methylene blue sold to biologists was in 
the form of the zinc double salt. This form is quite insoluble in alcohol 
and is a comparatively poor stain. For all staining purposes investigated, 
better results can be obtained with the medicinal grade of methylene 
blue, which according to the u.s.p. requirements must be zinc-free. It is 
the form in which methylene blue is now ordinarily furnished to biolo- 
gists in America. 

Methylene Blue NN. See new methylene blue N. 

Methylene Blue O. See toluidine blue O. 

Methylene Green. A nitro derivative of methylene blue. It is occa- 
sionally used as a substitute for methyl green, especially by botanists in 
the case of wood and fixed chromatin; it gives good results in combina- 
tion with eosin. 

Methylene Violet. Bernthsen. This is not a textile dye, and must 
be distinguished from methylene violet, RRA or 3RA which is better 
known commercially. It is one of the oxidation products of methylene 
blue. It plays an important part in the nuclear and granule staining of 
polychrome methylene blue. A definite quantity of this dye is mixed 
with methylene blue, azure A, and eosin in the tetrachrome blood 
stain of MacNeal, p, 325. 

Naphthaline Pink. See magdala red. 

Naphthaline R. See naphthol blue. 
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Naphthaline Red. See magdala red. 

Naphthamine Blue, 3BX. See trypan blue. 

Naphthol Blue. (Syn. New blue B. Fast blue ^R. Phenylene blue. 
Meldola's blue. Indin blue 2RD.) A basic dye of the oxazin group, 
which has been occasionally employed as a vital stain. 

Naphthol Green Y. (Syn. Fast printing green. Garnbine) and Naph- 
thol Green B. (Syn. Naphthol green. Green PL. Acid green O.) Two 
nitro dyes, one or the other of which has been employed as an histological 
counterstain. 

Naphthol Red. See amaranth. 

Naphthol Yellow. See Martins yellow. 

Naphthylamine Pink. See magdala red. 

Narcein. An acid dye of the azo series, closely related to orange II. 
It has very little use as a stain, but has been employed in combination 
with pyronin and methyl green or methylene blue to form a compound 
dye. 

Neutral Red. A weakly basic dye of the azin series, ordinarily the 
chloride of toluylene red. It has recently been proposed to employ the 
iodide, however, as it is claimed to be more easily purified than the 
chloride. 

Neutral red is best known as an indicator, but has special staining 
value where a weakly basic, non-toxic dye is called for. It has been em- 
ployed as a vital nuclear stain; for the staining of fresh blood or pus in a 
moist chamber; for the vital staining of protozoa; for bringing out Nissl 
granules in nerve cells; and it has some use in general histological stain- 
ing, especially for embryological tissue in combination with Janus green. 

Neutral Violet, A weakly basic dye of the azin group, closely re- 
lated to neutral red and having very similar properties. It has rarely 
been used in microscopic work. 

New Blue B. See naphthol blue. 

New Fuchsin. (Syn. Isonibin. Fuchsin NB.) A basic dye of the 
triphenyl methane series. It differs from rosanilin in that three methyl 
groups instead of one are attached to the benzene rings. It is seldom 
recommended as a stain, but basic fuchsins containing a large propor- 
tion of it have been found to be splendid stains for certain purposes. 

New Methylene Blue N. (Syn. Methylene blue NN.) A basic dye 
of the thiazin group, of somewhat greener shade than true methylene 
blue. It apparently was present in certain pre-war lots of methylene 
blue; and it has been found that in at least one instance results carried 
on with pre-war “methylene blue’' can be duplicated with new nu thylene 
blue, but not with true methylene blue. 

New Pink. See phloxine. 
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New Ponceau 4 R. See ponceau 2 R. 

New Victoria Green. See malachite green. 

Niagara Blue 3 B. See trypan blue. 

Night Blue. See spirit blue. 

Nigrosin, Water Sol. (Syn. Nigrosin W, WL, etc. Clray R, B, BB. 
Silver gray, Steel gray, Indulm black.) A basic dye o£ poorly understood 
composition. It is apparently a mixture of an indulin (violet in color) 
with a yellow dye so as to make an almost black solution. It has been 
recommended for staining various kinds of tissue, either alone or in 
combination with other stains such as hematoxylin. It is employed in 
studying algae and fungi. One of its most striking uses is in the Dorner 
spore stain for bacteria, in which technique it has the property of 
withdrawing basic fuchsin from the vegetative portions of the cells but 
not from the spores. But as it itself does not stain the cells, they stand 
out colorless in a gray background, while the spores retain the fuchsin. 

Nile Blue A. See Nile blue sulphate. 

Nile Blue Sulphate. (Syn. Nile blue A.) A basic dye of the oxazin 
series, closely related to brilliant cresyl blue. The use for which this 
dye is best known to the biologist is the Lorrain Smith fat stain. In 
this procedure, the dye is boiled with dilute sulphuric acid and is thus 
partly converted into a new dye of the class known as oxazones. This 
oxazone dye is red and is fat-soluble; while Nile blue itself is not fat- 
soluble, but combines readily with fatty acids. As a result, the tech- 
nique serves to distinguish between the free fatty acids in histological 
material and the neutralized fats, the former staining blue, the latter 
red: 

Nitrazine Yellow. A colored azo compound recently recommended 
as an indicator; can be employed absorbed on filter paper slips, like 
litmus. 

Nopalin G. See eosin, bluish. 

Oil Red. See Sudan III. 

Oil Red IV. See Sudan IV. 

Oil Red O: {Syn. Oil scarlety Sudan 11, X, or AX ) . A fat-soluble dye 
of the azo group. It has not until recently been employed for micro- 
scopic work; but has been recommended, for staining fat in sections. 

Oil Scarlet. See oil red O. 

Oil Vermilion. See Sudan R. 

Orange II. (Syn. Gold orange. Orange A, P or R. Acid ora 7 ig€. 
O^ringe extra. Mandarin G. Tropeolin 000 No. 2 .) An acid dye of the 

French, K. MJ. Stain Technology, 1: 7S, 1926. 

Proescher, F. Stain Technology, 2: 60, 1927. 
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azo series. It has some value as a counterstain, having been recom- 
mended by French for use with azure C and eosin as a tissue stain. 

Orange III. See methyl orange. 

Orange A, P, or R. See orange 11 . 

Orange Extra. See orange II. 

Orange G. (Syn. Wool orange 2G.) An acid dye of the azo series. 
It is one of the most valuable histological counterstains, and is the 
orange dye most frequently used by histologists. It is employed with 
various nuclear stains, but special mention should be made of safranin 
and gentian violet (with which it is used in the Flemming triple stain) , 
and of methyl green and acid fuchsin (with which it is combined in 
the technique of Ehrlich-Biondi-Heidenhain) . In the Mallory con- 
nective tissue stain it is employed with two other acid dyes, aniline 
blue and acid fuchsin. A further use is Bensley’s “neutral gentian,’' a 
combination of orange G with gentian violet for staining the islands of 
Langerhans. 

Orange GG, GMP. See orange G. 

Orange MNO, MN. See metanil yellow. 

Orcein. A natural dye, closely related to litmus, obtained from cer- 
tain lichens. It is a weak acid, with a violet color. As a biological stain 
it seems to have been used chiefly by Unna (p. 425) , who employs it 
for staining connective tissue, plasma fibrils in the epithelium, and for 
other purposes. Other histologists have used it, however, for certain 
special procedures, as for coloring elastic tissue. 

Orseillin BB. An acid dye of the azo series that has been used for 
staining mycorrhizal fungi. 

Para-fuchsin. See pararosanilin. 

Para-magenta. See pararosanilin. 

Pararosanilin. (Syn. Basic rub in, Para-fuchsin, Para-magenta.) A 
basic dye of the triphenyl-methane series, the lowest member of the 
group known as basic fuchsins. See basic fuchsin. 

Pararosolic Acid. An acid dye, a hydroxyl derivative of triphenyl 
methane. Generally present in commercial preparations of rosolic acid. 

Paris Blue. See spirit blue. 

. Paris Violet. See methyl violet. 

Phenolphthalein. A weak acid dye of the xanthene series, related 
to the fluorescein dyes . (eosin, etc.) . It is used primarily as an indi- 
cator, having its sensitive range between pH 8.3 and pH 10.0. 

Phenol Red. An acid dye of the sulphonephthalein series, one of 
the longest known of the indicators of this group. Its range (pH 6.8 to 
8.4) lies close to neutrality, and the indicator has proved valuable for 



59 ^ 


MICROSCOPICAL TECHNIXyUE 


some time in urine analysis. Under the microscope it also serves as an 
indicator of reaction when employed as a vital stain. 

Phenylene Blue. See naphthol blue. 

Phenylene Brown. See Bismarck brown Y. 

Phloxine. (Syn. Erythrosin BE. New pink.) An acid dye of the 
xanthene series— dichlor or tetrachlor tetrabrom fluorescein. It is a dis- 
tinctly red dye with little of the orange tinge noticeable in the lower 
homologues, eosin and erythrosin. It proves a good counterstain in 
contrast to certain blue dyes of the thiazin series. It works better than 
eosin in the “eosin-methylene-blue” stain of Mallory for sections of 
tissue. Under certain conditions it is a very good bacterial stain. 
Chamberlain^^ (p. 229) finds that it gives much better results than 
magdaia red in staining algae; and concludes that the “magdala red” 
which he used before the war must have contained phloxine or some 
closely related dye. 

Phosphine. (Syn. Leather yellow. Xanthene.) An acridine dye 
which has been employed as a microchemical agent for nucleoproteids. 

Picric Acid. A strongly acid dye of the nitro series, yellow in color. 
One of the most common uses of picric acid is in contrast to acid 
fuchsin in the Van Gieson connective tissue stain. It is also employed as 
a general cytoplasmic stain in contrast to various basic dyes. It has 
further application as a fixative. 

Pinacyanol. (Syn. Sensitol red.) A quinoline dye that has been em- 
ployed in staining frozen sections. Its best known use, however, is in 
photography. 

Ponceau B. See Biebrich scarlet, water sol. 

Ponceau 3B. See Sudan IV. 

Ponceau 2R. (Syn. Ponceau R, RG, G, 4R, 2RE, NR, J, FR, GR, 
Scarlet R. Xy Udine ponceau ^RS. Lake ponceau. Brilliant ponceau. 
New ponceau 4R. Rainbow scarlet.) An acid azo dye, having occasional 
use as a counterstain in histology, especially in the Masson trichrome 
technique. 

Purpurin. (Syn. Alizarin No. 6. Alizarin purpurin.) An acid dye of 
the oxyquinone group, closely related to alizarin. It is a little darker in 
shade than alizarin. It has been used as a nuclear stain for histological 
material, and for determining the presence of insoluble calcium salts 
in cell contents. 

Pyoktanin Blue. See methyl violet. 

Pyoktanin Yellow. See auramin. 

Pyoktaninum Aurem. See auramin. 

Chamberlain, C. J. Methods in Plant Histology. Univ. of Chic. Press, Ed. 5, 1932, 
P 1 m. 
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Pyronin B and Y. Two very closely related dyes of the xanthene 
series. Pyronin Y is tetra-methyl diamino xanthene, while pyronin B 
is the corresponding tetra-ethyl compound. Pyronin Y, under its Ger- 
man designation, pyronin G, was apparently the dye used before the 
war; but pyronin B seems to be a satisfactory substitute in histological 
work. Pyronin Y is needed for special procedures only. It is most used 
in combination with methyl green (the Pappenheim stain) for staining 
various basophile elements such as mast cells and for staining the 
gonococcus in smears of pus. In the formula for the Pappenheim stain 
allowance must be made for the fact that the American pyronins are 
more concentrated than those used before the war; and a smaller 
amount in proportion to methyl green should be employed. 

Py rosin B. See erythrosin, bluish. 

Pyrosin J. See erythrosin, yellowish. 

Rainbow Scarlet. See ponceau ^R. 

Red Violet. See Hofmann violet. 

Resorcin Blue. (Syn. Fluorescent blue. Iris blue.) A brominated 
basic dye of the oxazin series. It is often called lacmoid, although that 
name more properly belongs to the unbrominated compound. It has 
been employed as a microchemical reagent for the detection of callose. 

Rhodamine B. (Syn. Rhodamine O. Brilliaiit pink.) A weakly basic 
dye of the xanthene series. It has been used in combination with osmic 
acid as a solution for simultaneous fixing and staining. It has also been 
employed for histological work in contrast to methylene blue or methyl 
green; and as a component of certain compound stains. 

Rhodamine O. See rhodamine B. 

Romanovsky Stain. The first compound of eosin and methylene 
blue proposed for staining blood. It was merely a mixture of the two 
dyes without effort to precipitate and remove the compound dye 
formed; and yet its author realized that some new dye was formed in 
the solution. The methylene blue solution was not intentionally poly- 
chromed, although Romanovsky discovered that old solutions gave best 
results. 

Rosanilin. A basic dye of the triphenyl methane group, differing 
from pararosanilin in that a methyl group is attached to one of the 
benzene rings of the latter. It is a member of the group of compounds 
known as basic fuchsins. See basic fuchsin. 

Rosazine. See azocarmine G. 

Rose Bengal. An acid dye of the xanthene series— dichlor or tetra- 
chlor tetra-iodo fluorescein. It is even more distinctly red than phloxine, 
to which it is closely related; and often- shows a slight violet cast in 
staining. As a result it is not such a good counterstain to the blue dyes 
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as the lower members of the group. It has been employed as a bacterial 
stain, especially for staining bacteria in soil suspensions. 

Rosinduline GXF. See azocarmine G. 

Rosolic Acid. (Syn. Aiirin) An acid dye, a hydroxyl derivative of 
triphenyl methane. Its chief use is as an indicator. 

Rubin. See basic fuchsin. 

Safranin O. A basic dye of the azin group. There are various 
safranins but the grade desired by biologists seems to be a certain mix- 
ture of dimethyl and trimethyl phenosafranins, having a definite shade 
of red not easily recognized by eye but characterized by having a light 
absorption curve with its maximum at or near 5i5jcc. It is one of the 
most important nuclear and chromatin stains known. It is especially 
valuable to the plant histologist for bringing out lignified and cutinizecl 
tissues, and as a protein stain. The cytologist makes use of it in the 
Benda technique to stain chromatin in combination with light green as 
a contrast stain; and even more widely in the Flemming triple stain, 
in which it is employed to bring out the chromatin, with gentian violet 
and orange G for contrast. The bacteriologist uses it occasionally, espe- 
cially as a counterstain in the Gram technique. 

Safrosin. See eosin, bluish. 

Scarlet B or EC. See Biebrich scarlet, water sol. 

Scarlet G or B. See Sudan III. 

Scarlet J, JJ or V. See eosin, bluish. 

Scarlet R. See ponceau 2R. 

Scarlet Red. See Sudan IV. 

^Scharlach R. See Sudan IV. 

Sensitol Red. See pinacyanol. 

Silver Gray. See nigrovsin, water sol. 

Solid Green. See malachite green. 

Soluble Blue 3M or 2R. See aniline blue, water sol. 

Soluble Yellow OL. See metanil yellow. 

Spirit Blue. (Syn. Gejiiian blue. Aniline blue, alcohol sol. Night 
blue. Lyons blue. Paris blue.) A basic dye of the triphenyl methane group 
(from which aniline blue, water soluble, is derived by sulphonation) . 
It is a mixture of diphenyl and triphenyl rosanilin, and hence varies in 
shade according to the proportion of each present. It is seldom used in 
microscopic work; but has been employed in contrast to carmine in 
staining embryonic tissues. It brings out growing nerve fibers well. 

Steel Gray. See nigrosin, water sol. 

Sudan II. See oil red O. 

Sudan III. (Syn. Sudan G. Tony red. Scarlet G or B. Felt ponceau Cr. 
Oil red. Cerasin red.) A weakly acid, fat-soluble dye of the azo group, 
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which colors fat an orange color. It is the first of the oil-soluble dyes 
to be employed by histologists as a stain for fat in sections. It is still 
used, partly for staining sections and partly for staining fat in masses 
of tissue for gross examination; but to a large extent it is now replaced 
by Sudan IV. 

Sudan IV. (Syn. Scarlet red. Scharlach R. Oil red IV. Fetfponceau. 
Ponceau 3B.) A weakly acid, oil-soluble dye of the azx) group, a di- 
methyl derivative of Sudan III. On account of the methyl substitution, 
it is of a scarlet rather than an orange color and accordingly stands out 
more vividly in a microscopic preparation. It is used as a fat stain in 
histology. 

Sudan AX. See oil red O. 

Sudan G. See Sudan III. 

Sudan Red. See magdala red. 

Sudan R. (Syn. Brilliant, i at scarlet B. Oil xjermilio7t.) A fat-staining 
dye of the azo series, which has been employed as an aid in reading 
tubes in the Kahn reaction for diagnosing syphilis. 

Sudan X. See oil red O. 

Sultan 4B. See benzopurpurin 4B. 

Swiss Blue. See methylene blue. 

Tetrachrome Stain (MacNeal) . A mixture of methylene blue, 
methylene azure, methylene violet, and eosin, used for staining blood 
films. Recently MacNeal has specified azure A for methylene azure (see 
azure A) . As these dyes are mixed in dry form, no reaction takes place 
between them. The mixture is dissolved in methyl alcohol, and no im- 
mediate reaction takes place. A compound dye is slowly formed, how- 
ever, with the result that a troublesome precipitate may occur. Accord- 
ingly the best way to dissolve the stain is to allow the solution to 
stand for about twenty-four hours at approximately 50^0. so that the 
interaction between the dyes will take place as rapidly as possible; and 
then the precipitate can be removed by filtering. Such a solution keeps 
some time; but it is not as permanent as Wright’s stain. When fairly 
fresh, it gives as good results as the latter; in fact the blood pictures 
obtained by the two stains are very similar. The chief advantage of the 
tetrachrome stain is that it can be prepared from the constituent dyes 
with a little more precision than Wright’s stain. 

Thionin. (Syn. LautlPs violet.) A basic dye of the thiazin series, dif- 
fering from methylene blue and the azures in not being methylated. 
Thionin is no longer used as a textile dye; and until recently it was 
difficult to obtain the correct product when ordering. That difficulty no 
longer exists, however. It is a very valuable chromatin and mucin stain, 
especially prized for certain procedures because of its high degree of 
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metachromasy. It is a useful vital stain. It is employed in staining 
frozen sections of fresh animal or human tissue, especially in the study 
of tumors. It is used for staining very young bacterial colonies in the 
Frost “little plate" technique for counting bacteria. 

Thymol Blue. An acid dye of the sulphonephthalein series, em- 
ployed as an indicatoi% changing from red to yellow through the H-ion 
range between 1.2 and 2.8, and from yellow to blue between 8.0 and 
9.6. May be used as an indicator of reaction in vital staining. 

Toluidin Blue O. (Syn. Methylene blue O.) A basic dye of the 
thiazin series, closely related to methylene blue, and even more like 
azure A. Theoretically it should be a good substitute for the latter; 
and in actual experience it proves possible to employ it instead of 
azure A in certain procedures called for by the latter. Further investi- 
gation may show that it can be substituted for the latter quite gen- 
erally; and as it is a recognized textile dye, it will be much more 
readily available. It can be substituted for thionin in staining frozen 
sections of tissue. It has been definitely specified in certain staining 
procedures such as in the panchrome stain of Pappenheim (p. 341) 
and in the Albert stain for the diphtheria organism. 

Toluylene Red. See neutral red. 

Tony Red. See Sudan III. 

Trapaeolin G. See metanil yellow. 

Tropeolin D. See methyl orange. 

Tropeolin OOO No. 2. See orange II. 

Trypan Blue. (Syn. Chlorazol blue }B. Benzo blue ^B. Dianil blue 
H^G, Congo blue ^B. Naphtharnme blue ^BX. Bejizarnine blue ^B. 
Azidine blue ^B. Niagara blue 5B.) An acid dye of the azo series, 
which has been occasionally employed in vital staining. 

Trypan Red. An acid dye of the azo series, which has been used 
for vital staining. 

Uranin. See fluorescein. 

Vesuvin. See Bismarck brown Y. 

Victoria Blue B. (Syn. Fat blue B, Corn blue BN,) A basic dye 
of the triphenyl methane series, occasionally employed in tissue staining. 

Victoria Blue R. (Syn. A^etv victoria blue B, Corn blue B,) A basic 
dye closely related to Victoria blue B; it is not certain whether it has 
been used in staining. 

Victoria Blue 4R. (Syn. Fat blue 4R.) A basic triphenyl methane 
which has been employed in staining spirochetes in blood. 

Victoria Rubin. See amaranth, 

Violamine 3B. See fast acid blue R. 

Violet C, G or 7B. See crystal violet. 
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Violet R, RR, oi* 4RN. See Hofmann violet. 

Vital Red. (Syn. Acid Congo red. Brilliant Congo red R. Brillianl 
Congo R. Azidine scarlet R. Brilliant dianil red R.) An acid dye of 
the azo series. It is quite an important vital stain. 

Water Blue. See aniline blue, water sol. 

Water Soluble Eosin. See eosin Y. 

Wool Orange 2G. See orange G. 

Wright Stain. The compound of methylene blue and eosin most 
commonly employed for staining blood smears. In preparing Wright 
stain, the methylene blue is heated in flowing steam for an hour, by 
which treatment it is partly oxidized into methylene violet and the 
azures— i.e. “polychromed.'' As the dyes produced in this oxidation 
process are all basic, they are capable of entering into chemical com- 
bination with eosin. These compound dyes are insoluble in water and 
are therefore precipitated. For use, they are dissolved in methyl alco- 
hol; and after the alcoholic solution has stood a short time on the 
blood film it is diluted with water or with a solution of buffer salts. 
In this mixture of alcoholic and aqueous solutions there are likely to 
be present the original dyes, eosin and methylene blue, also the oxida- 
tion products of the latter, and the eosinates of the various basic dyes 
in the polychrome methylene blue. As a result, a great variety of stain- 
ing effects is produced. Wright stain may be produced in the labora- 
tory from methylene blue and eosin, or it may be purchased ready 
made. The prepared Wright stain now obtainable on the market is 
very reliable, and is so inexpensive that its preparation by the biologist 
himself is not necessary, unless it is to be used in large quantities. 

Xanthene. See phosphine. 

Xylidine Ponceau 3RS. See Ponceau 2R. 

Yellow M. See metanil yellow. 

Yellow WR. See brilliant yellow S. 

Aniline Stains: General Considerations 

Aniline dyes may be treated very much as a class and general state- 
ments may be made which will therefore be applicable to all of them. 
They offer a great range of choice in both color and action and now 
constitute a very valuable resource in microtechnique. 

(a) Solvents. Most of the anilines are soluble in both water and 
alcohol. If alcohol is used it may be in strengths of 30 per cent, 50 per 
cent, 70 per cent or 95 per cent. There are some general advantages in 
a solution made in 50 per cent alcohol, but on the other hand, espe- 
cially for counterstaining, it is of advantage to use 95 per cent or even 
absolute alcohol. In addition to plain aqueous solutions there are those 
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made in aniline water, which has the advantage of greater solubility 
and also of some mordanting action. Finally, it is often convenient to 
dissolve the aniline color in clove oil so that staining and clearing may 
be accomplished at the same time. 

[b) Strength of Solutions, The formulas call for different per- 
centages of aniline dyes, but for most purposes it is very convenient to 
employ saturated solutions. Since generally this approximates the 1 per 
cent to 2 per cent strength which is called for, it is perhaps the easiest 
manner of handling the dye. 

(c) Me/thod of Application, The anilines, like other dyes, are em- 
ployed as both progressive and regressive stains, but, because of their 
solubility and the absence of mordants in most cases, they are almost 
perforce regressive stains. Differentiation may be accomplished by the 
use of the solvent which was employed in making up the dye, i.e., 
either water or alcohol. In case of refractory dyes where plain alcohol 
or water do not work rapidly enough, the addition of 0.1 per cent of 
hydrochloric acid will facilitate extraction of the color. Where it is 
desired to introduce two colors into the preparation it is sometimes 
possible to discharge the first color from portions of the cell or tissue 
by the use of the second color. Commonly the basic nuclear stain is 
displaced by the plasma stain. Thus, if gentian violet is used as a 
chromatic stain it may be differentiated by the action of orange G. 

Clearing is accomplished by the use of any of the ordinary reagents 
like xylol, but for many purposes where additional differentiation of a 
precise sort is recjuired, a final step may be taken by the use of clove 
oil, which clears and differentiates at the same time. 

{d) Relation of St am to the Fixatwe. The fixative has, in many 
cases, an outstanding influence upon the operation of the dye. In gen- 
eral, aniline colors are most effective after fixatives containing chromic 
and osmic acid. The picro-formol-acetic mixtures are less effective in 
preparation for aniline dyes than are the osmic or chromic mixtures. In 
case it is desired to have the advantages of the picro-formol-acetic mix- 
tures and at the same time utilize aniline colors, the end may be at- 
tained by adding a small quantity of Flemming’s fluid to them. Some- 
times it is even possible to mordant sections fixed in the p.f.a. mixtures 
by treating them with Flemming’s fluid before staining, 

(c) Mordanang. In general the aniline dyes do not require mor- 
dants, but for some purposes it is advantageous to attach the dye 
more strongly to the tissue than is possible by direct action and in this 
event a mordant, such as aniline water or a solution of potassium 
permanganate, is advantageous. The miordant is applied as in the cases 
of carmine and hematoxylin. If potassium permanganate is used, a 
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1 per cent aqueous solution, acting for five or ten minutes, is usually 
satisfactory. Iodine may also be used as a mordant. Instead of apply- 
ing the mordant before the stain, it has been recommended that in the 
case of iodine it be allowed to operate after the stain is in the tissue. 

2. Inorganic. Inorganic staining agents are mostly salts of gold and 
silver which under the action of light are precipitated as metals in the 
presence of certain substances, like intracellular cement, and within 
nerve and neuroglia cells. Such effects are commonly spoken of as im- 
pregnations and differ materially from the ordinary staining reaction, 
although they grade into it under some conditions. Since they are used 
to demonstrate tissue and cellular constituents they may be properly 
considered along with ordinary stains. 

II. Composition of Staining Agents 

1. Physical Composition. In their physical state staining agents 
may be either simple or compound, that is, they may consist of a single 
constituent or of more than one element. A consideration of this phase 
of the subject is of value only in the way of oiientation, 

2. Chemical Composition. In chemical constitution stains may be 
either acids, bases or salts, or they may be of complicated organic 
structure. In general they do not exhibit any pronounced acid or basic 
properties. Sometimes the salts are designated as basic or acid dyes, 
depending upon whether the radical upon which their staining power 
depends occupies the position in a compound of a base or an acid. 
(For discussion of these topics in detail see the sections on the different 
dyes pp. 575, 603.) 

B. NATURE OF STAINING COMBINATION 
I. Physical Nature 

After the stain has been dissolved in a medium there are certain 
physical characteristics with regard to it which have important bearings 
upon its action. 

I. Solvent Aqueous or Alcoholic. The solvent, whether water or 
alcohol, while it does not alter the characteristic staining reaction of 
the dye, does have a material effect upon the rapidity and degree of its 
action. Accordingly a solvent should be chosen which comports most 
favorably with the particular staining reaction desired. In most cases 
an aqueous stain is preferable, but sometimes it is quite advantageous, 
especially in counterstaining, to make the application of the dye late 
in the process, just before mounting. In this case, of course, an alcoholic 
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solution should be made, or even one in dove oil when it can be used 
for clearing. 

2. Concentration, Strong or Weak. The concentration of the dye 
in the medium also influences the character of the stain. As a general 
rule, in progressive staining, a weak solution of the dye, allowed to act 
over a longer period, gives a more precise and selective effect than 
when a concentrated solution, acting more rapidly, is used. On the 
other hand, when it is difficult to secure a reaction between dye and 
tissue, use a concentrated solution. The solvent effect of the dehy- 
drating agent or clearing agents then produces sufficient differentiation, 
fn very resistant cases a solution of aniline dye in aniline water is more 
effective than is a plain aqueous solution. 

3. Temperature, Low or High. The temperature of the solution 
when staining takes place also influences the nature of the stain. Par- 
ticularly in the case of blood smears, the temperature of the reaction 
is important (see Blood, p. 330) . Commonly, however, the staining 
operation takes place best at room temperatures and unless there are 
particular reasons for doing otherwise, this should be the practice, 

4. Composition, Simple or Multiple. Staining scflutions in their 
compositions may be either simple or multiple, that is, they may con- 
sist of a solution of one dye, or there may be two or more of these. 
By such combinations it is possible to get contrasting colors combined 
with different portions of the tissue or cell at one operation. These 
special combinations will be considered particularly under different 
headings (see Blood, p. 325) . Some of these combinations are more than 
mere mixtures, being in effect chemical unions between a staining base 
and a staining acid of different colors. Polychromatic or metachromatic 
effects of beautiful clearness result from the use of such stains. 

II. Chemical Nature 

I. Acid, Basic or Neutral. The chemical composition of combina- 
tions, quite aside from the chemical reaction of the active dye, may be 
either acid, basic or neutral. Sometimes, as in the aceto-carmine mix- 
ture of Schneider, the acid is present in strong concentration and so 
acts as a fixative. Similarly, methyl green combined with acetic acid 
forms a strongly acid combination which fixes and stains simultane- 
ously. Various combinations are rendered acid in order to secure greater 
vigor and precision in their effects. On the other hand, only a few 
staining combinations are basic. The most outstanding examples of 
such a stain are Beabs borax carmine and ammonia carmine. These 
alkaline stains were in the early days much used, but at present are 
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only infrequently employed. Most stains are now made up in neutral 
media. 


C. APPLICATION OF STAINS 
I. Intra Vitam 

Intra vitam stains are those which are applied to the tissue in its 
living condition. Such stains are called “vitah’ stains or “supravital” 
stains. For discussion of intra-vitam stains see chapter on fresh material 
(pp. no, 117) . 

II. Post Mortem 

Post-mortem application of stains, or their use on tissues after they 
have been killed and fixed, is the common practice; therefore most of 
the discussion in this chapter will be on this subject. The practical 
application of stains in this way is influenced by (a) the character of 
the material and (b) certain relations to the stains. 

1. The Character of the Material to Be Stained. This may be 
indicated under the categories of whole organisms, whole organs, tissues, 
or cells. 

a. Whole Organism, Entire Organ, Tissues and Cells. If the organ- 
ism is small it is convenient, and in every way desirable, to stain it 
entire. This obviously has many advantages because the parts are all 
seen in their normal relations and, by the selection of proper staining 
agents, may be well differentiated from each other. In general, the best 
stains to use for such a purpose are the carmine mixtures, either alone 
or combined with picric acid. Sometimes it is desirable similarly to 
Study single organs entire and they may be treated in the same manner. 
In the majority of cases, however, the differential staining reaction 
takes place upon tissues or cells, that is, the stains are classified as 
either histological or cytological. It is possible to differentiate well 
between tissues in a very striking and characteristic manner as is done, 
for instance, by the use of Mallory’s connective tissue stains, or the 
various neurological stains. Finally the parts of cells may be distin- 
guished by specific staining reactions. Perhaps the most general and 
characteristic of such differential effects is that obtained by the use of 
nuclear stains which pick out these cellular elements by their specific 
staining reactions. 

2. State of Material to Be Stained, a. In Toto. Staining in toto 
was formerly much practiced, but latterly has fallen into considerable 
disuse. This method, however, has certain advantages which, if care- 
fully utilized, make it one of great convenience. It is perhaps most 
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commonly used in embryological work where the whole organism is 
stained before it is sectioned. The value of this method depends largely 
upon the character of the staining agent and the choice here is rather 
strictly limited. Neither the aniline stains nor hematoxylin lend them- 
selves well to such use. There remain, therefore, practically only the 
carmine combinations. Perhaps the best of these, for most purposes, is 
not a combination including carmine itself but rather the alum-coclii- 
neal stain. This gives a precise effect and also has the advantage of 
not overstaining. Properly controlled, a very exact differentiation, not 
only between tissues but also between cellular elements, can be se- 
cured (alum-cochineal) . 

Sectio 72 S. Sections are usually selected as best for application of 
stains. If the paraffin method has been used, the sections are affixed to 
the glass slip before staining, whereas most collodion sections are stained 
before they are mounted. This is not obligatory, however, and if serial 
sections are prepared by the collodion method it is almost necessary to 
affix them to the glass before staining is attempted. For description of 
method of staining sections see Part i. 

c. Dissociated, Dissociated materials, as a rule, stain with difficulty 
because the dilution of the fixing agent required for securing the 
macerating effect results in an indifferent staining reaction. It is there- 
fore usually desirable to use a vigorous stain like DelafielcPs hema- 
toxylin, although by proper treatment picro-carmine may be made to 
render an acceptable result. After the fixative is washed out the stain 
is added to the fluid in which the cells are floating and allowed to act 
until the desired effect is produced. It is sometimes convenient to con- 
tinue this treatment through all the successive steps involved in mount- 
ing in balsam. When this is done, a drop of balsam containing the 
cells, when placed under a cover glass, will give a complete preparation. 

d. Stretched. Stretched material is essentially the same as sections 
except for the fact that there are no cut surfaces through which the 
stain can penetrate. The methods employed for sections can therefore 
be applied directly. 

3. Relation of Material to Stain. The relation of the material 
to the stain may be influenced by the character of its action and by the 
time and degree of action, 

a. In Action. In action stains may be substantive, adjective, or im- 
pregnation stains. A substantive stain is one which acts immediately 
and directly upon the tissue without the intervention of any other 
substance. A 72 adjective stain is one in which the tissue is first treated 
with some agent which in turn attaches the stain to the tissue, Jm- 
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pregnations are deposits of sensitive metallic substances in tissues under 
the action of light. 

b. In Time. Relation of material to stains in time of action. The 
character of staining depends upon the time of its action on the tissue. 
A selective action upon any one tissue or cell constituent may be ob- 
tained by watching the degree of stain. By observing sections under the 
microscope, therefore, the desired differentiation is secured directly. 

Progressive Staining. Such a practice is known as progressive stain- 
ing. For many purposes the precision thus reached is satisfactory, but it 
is obvious from the nature of the process that there must be a grada- 
tion of effect which woidd prevent the sharpest differentiation. 

Regressive staining^ therefore, is resorted to when the most extreme 
sharpness of differentiation is desired. By this method the whole tissue 
is completely stained and then, by removing the excess dye from the 
parts desired unstained, by careful control under the microscope, an 
extreme precision of differentiation may be attained. Such a method 
may be applied to all classes of stains. It is the one which is utilized in 
the classical method of Heidenhain in his iron alum-hematoxylin com- 
bination. It is almost obligatory in the case of aniline stains because, 
in the process of dehydration, and to some extent in that of clearing 
where essential oils are used, a differential solution of the stain is 
necessarily accomplished. 

c. In Degree. In the degree of their action upon tissues, stains may 
be classified as general or selective. 

A genera/ stain is one which attacks all parts of the tissue with ap- 
proximately equal vigor and thus produces no marked differentiation. 
Sometimes by regressive methods a general stain may be made to exhibit 
more selective action. Such general stains are more commonly found 
among the anilines than in natural stains. Much of selective action is 
due to previous treatment of the material and to method of applying the 
stain rather than to inherent differences in dyes. 

Selective stains may differentiate between classes of tissues or between 
parts of cells. Certain stains attack only particular tissues, as orcein does 
elastic tissues, or Sudan III fat, etc. 

Plasma and Nuclear. In cytological work there is a series of stains 
which have specific effects. Although we have no exact chemical tests, 
cytological stains generally fall under the headings of nuclear or cyto- 
plasmic. Nuclear stains are primarily those which affect chromatin, al- 
though there are certain ones which, in a measure, have a differential 
action upon the so-called achromatic structures. The natural stains are 
primarily nuclear stains and this is true also of basic aniline dyes. Of 
stains differentiating cytosomic structures there is correspondingly a 
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whole series. Many of the aniline dyes may be utilized for differentiating 
the general cytoplasm as opposed to the nucleus. There are, however, 
certain more specific agents which are used for distinguishing mito- 
chondria and the Golgi apparatus. This subject will be found discussed 
more in detail in the section dealing with these topics (pp. 265, 274) . Cer- 
tain aniline dyes are only slightly toxic and have specific selective action 
on constituents of living cells (p. 1 17) . 

D. FORMULAS 

I. Aniline Dyes 

Single aniline dyes are simple solutions in either water, alcohol or 
clove oil. For stronger action, aniline water (distilled water saturated 
with aniline oil) is used as the solvent. The strength of the solution, 
except for the vigor of the action, is not important, since differentiation 
always attends dehydration. There are, however, a number of combina- 
tion stains which are of great value and which sometimes are of exact 
composition. Because of variations in materials to be stained and un- 
certainty in the chemical constitution of aniline dyes it is difficult to 
give exact directions regarding strength of solutions and relative time of 
action where more than one dye is used. The only practical plan when 
trying new dyes on new material is to test out the solutions and their 
operation until the desired result is obtained. There are a very large 
number of multiple aniline stains, only a few of which have general 
application. Among these are the following: 

Flemming's Tri-color Stam, Although according to the dictum of 
Lee “never popular, this clumsy and uncertain process is now little used,’' 
this method is one of the most useful and popular of the combination 
aniline stains. It admirably supplements the Heidenhain iron hema- 
toxylin method and has some advantages over it in the contrasting colors 
shown in prophases of mitosis and in the transparency of the metaphase 
chromosomes. As suggested elsewhere it should form a routine alternative 
to the use of the hematoxylin stain in cytological work. There are many 
modifications of the strengths of solutions and methods of application, 
but these are of little consequence since they represent adaptations to 
particular cases. With the proper choice of aniline dyes to begin with, 
the details of strength of solution and time of application can easily be 
adjusted to each case. Due regard should be had to the character of the 
illuminant when the safranin and gentian violet are chosen (p. 616). 
The following solutions will be found satisfactory in the majority of 
cases: 



ST A INS AND ST A INJNG 6 i i 

(1) Saturated alcoholic solution of safranin, 95 per cent. ... 1 part 

Aniline water i part 

(2) Gentian violet, saturated aqueous solution 

(3) Orange G, saturated aqueous solution 


Sections fixed in either Flemming or Hermann, or after fixation in other 
fluids mordanted in osmic acid solution, are stained for two to twenty-four hours 
in the safranin. They are then rinsed in water, and transferred to the gentian 
violet solution for an appropriate time, for example, thirty minutes to two hours. 
They are then removed from the staining jar and on them is dropped the orange 
G solution which is allowed to act thirty to sixty seconds. The object generally 
aimed at is to secure a stain which shows the chromosomes in metaphase stained 
clearly with the safranin, while the prophase chromatin takes the gentian violet. 
The purpose of the orange G is not so much to add a third color, but rather to 
differentiate between the red and the violet dyes. 

Differentiation is accomplished by dropping on the slide 95 per cent alcohol 
until clouds of color cease to come from the sections. After this treatment, clove 
oil is dropped on the sections, and final differentiation accomplished by observa- 
tion under the microscope- The action of the clove oil is slow, so that a very 
exact differentiation may be secured. Some workers prefer to differentiate the 
safranin before adding the gentian violet and there are various other modifica- 
tions of the process, but the end-result sought in each case is to obtain in different 
portions of the cell accurate segregations of the two principal colors in the stain. 

The action of this stain is so precise under proper manipulation that in one 
strand of chromatin the diffused portion will take the violet, while the condensed 
section will be stained with the safranin. 

W right's stain (Blood, p. 326). 

Leischrnann's stain (Blood, p. 326) . 

Romanowsky's stain (Blood, p. 326) . 

Van Gieson’s stain (Section on Connective tissue, p. 405) . 

Mallory's aniline blue connective tissue stain (Section on Connective 
tissue, p. 469) . 

Mallory's acid fuchsin (Section on Connective tissue, p. 404) . 

Feulgen's react io 7 i (p. 629) . 

II. Carmine and Cochineal 

I. Carmine Stains, Alkaline and Neutral. 

a. Ammonia-carmine, Ranvier introduced a stain prepared by dissolving car- 
mine in water with a slight excess of ammonia. Upon evaporation a substance is 
produced which, when subsequently dissolved in water, makes an excellent stain. 

b. Picro-carmine.^^ In a saturated solution of picric acid add carmine, dis- 
solved in ammonia, until no more is taken up. Evaporate to % of the original 
volume and filter off the precipitate which forms when the liquid cools. Evap- 

Ranvier, Traite, p. 100. 
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orate the filtrate to dryness, which will give a crystalline powder somewhat the 
color of red ochre. For use prepare a i per cent solution of this. 

c. Alcoholic Carrnme Stains. Borax-carmine, In a 4 per cent solution of 
borax dissolve 2 per cent of carmine by boiling for half an hour. Allow to stand 
for two or three days and dilute with about an equal volume of 70 per cent 
alcohol and then filter. After staining, bring the material into 70 per cent alcohol 
acidulated with 5 drops of hydrochloric acid in each 100 c.c. of alcohol. When 
the material has become clear and transparent wash out the acid in alcohol. 
This is very valuable for staining in bulk. 

2. Carmine Stains, Acid, * 

a. Alum-carmine P"" In 5 per cent aqueous solution pf ammonia alum boil 
for ten to twenty minutes 1 per cent of powdered carmine. Cool and filter. This 
is very easy to use since it will not overstain. 

b. Carmalum, MayefsP In a 5 per cent aqueous solution of ammonia alum 
dissolve 1/2 per cent of carminic acid, using heat if necessary. Filter and add 0.1 
per cent of salicylic acid. This is very valuable for in toto staining. Wash out the 
excess of stain in distilled water which will leave the cytoplasm colored. If a 
purely nuclear stain is desired use an alum solution for washing. 

c. Alum-carmine and Picric AcidP Mix 10 volumes of alum carmine with 
1 volume of saturated picric acid solution. With this a double stain may be 
secured. 

d. Schneider's Aceio-carmine. Heat 45 per cent strength acetic acid to the 
boiling point and dissolve in it as much carmine as it will take up. Filter and 
preserve the filtrate. This is a very valuable stain of somewhat limited applica- 
tion. Fresh material may be fixed and stained at the same time but the specimen 
cannot well be preserved afterward. It stains the nucleus almost alone, 

A modification of this stain has been used recently by Belling. His formula is 
as follows: 

Mix equal volumes of glacial acetic acid and water. Add to this powdered 
carmine in excess. Boil, cool and filter. To the solution add a few drops of ferric 
hydrate dissolved in 50 per cent acetic acid. This acts as a mordant and may be 
varied in proportion to suit the requirements of different objects. The amount of 
iron affects the color of the stain. The greater the proportion of the iron, the 
darker and bluer the stain. This is particularly valuable in making rapid studies 
of chromosome numbers in smears. The preparation may be examined directly 
in the stain. Such preparations are fugitive but may be preserved for a consider- 
able time by sealing the edges of the cover glasses with vaseline or some other 
substance. 

3. Alum-cochineal, 

Powdered cochineal 

Potassium alum 

Water 

Grenacher, Arch. f. mikr. Anat.^ vol. 16: 1879 

4 ^' Mayer, Mitlh. ZooL Stat. NeapeL,vo\. 10: 1892. 

Morph. Jahrb.^ vo\. S. 


12 gm. 
12 gm. 
160 c.c. 
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Dissolve the alum in the water and boil the cochineal in the inixture for 
twenty minutes. Decant the clear supernatant liquid, add water to the cochineal, 
and boil again. Decant and add to the first liquid, filter and evaporate to 160 c.c. 
Add a crystal of thymol to prevent the growth of molds. This is largely used for 
staining in toto. For this purpose place the piece of tissue in the stain for twenty- 
four to forty-eight hours. Wash in water twenty to sixty minutes to remove the 
alum, but in order to avoid the extraction of the stain run up through the grades 
of alcohol to 70. 


III. Hematoxylin and Hematein 

a. DelafielcVs hematoxylin}^ Prepare 400 c.c. of saturated solution of am- 
monia-alum. To this add 4 gm. of hematoxylin crystals dissolved in 25 c.c. of 95 
per cent alcohol. Expose to the light and air for three or four days. Add 10 c.c. 
of glycerin and 100 c.c. of methyl alcohol and filter. By being exposed to the air it 
will slowly ripen, but this process may be rapidly completed by adding a small 
quantity of hydrogen peroxide. This solution keeps indefinitely. In the undiluted 
condition it is a very powerful and somewhat general stain, but in dilute solu- 
tion it acts more slowly and specifically. This is one of the most common stains 
used in clinical studies and is a valuable laboratory reagent. Very often it is used 
with eosin as a counterstain, giving a strong contrast between the nucleus stained 
blue with hematoxylin and the cytoplasm pink with eosin. 

b. Mayefs hernalum}^ Dissolve 1 gm. of hematoxylin in 1 liter of water. To 
the solution add 0.2 gm. of iodate of sodium and 50 gm. of alum. This is an im- 
proved formula of Mayer’s original hemalum. It acts very much like DelafiekFs 
but the solution does not keep so well. 

c. Mayefs acid-hernalum. This is a stain made by adding 2 per cent of glacial 
acetic acid to the hemalum stain. 

d. Von M Ollendorff's iron hematoxylin. 

e. Mallory's phosphotungstic acid hematoxylin (p. 427) . 

/. Mallory's phosphomolybdic acid hematoxylin (p. 290) . 

g. Mallory's ferric chloride hematoxylin. Mordant in 10 per cent ferric chloride 
for five minutes; rinse quickly and stain in 1 per cent hematoxylin, five minutes, 
and differentiate in 0.25 per cent ferric chloride (See Heidenhain’s stain below). 

h. Verhoeff's stain (p. 414) . 

i. Heidenhain’s Iron Alum Hemaioxylin.^^^ This is used in two solutions: (1) a 
mordanting solution consisting of a 4 per cent aqueous solution of ferric alum 
(ammono-ferric sulphate) . In preparing this be careful to select crystals that are 
all a pure violet color and not oxidized. (2) A 1/2 per cent aqueous solution of 
hematoxylin—best prepared by first dissolving the hematoxylin crystals in a small 
quantity of 95 per cent alcohol. In use the sections are first placed in the 
mordanting solution for a period of time running from one-half hour to twenty- 

Delafield, Ztschr. f. xvissensch. vol. 2: 1885. 

Mayer, Ztschr. f. laissensch. Mikr., vol. 20: 1923. 

Festschr. f. Kolliker, vol. 3: 1892. 
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four hours. From this they are brought into water where the excess of the alum 
solution is removed. This is important, since if the alum is carried over into the 
hematoxylin solution it injuriously affects it. After washing, the sections are 
brought into the hematoxylin solution where they are left for a period of time 
equal to that of mordanting. At the end of the operation they will be entirely 
black throughout without any differentiation. It is then necessary to remove the 
excess stain, which is done by use of the mordanting solution. If this works too 
rapidly it may be diluted to 2 per cent strength. This operation must be watched 
carefully under the microscope and at its conclusion the sections are thoroughly 
washed in water (fifteen to sixty minutes). This is important. The character of 
the stain seems to be improved by dipping the sections into water at intervals 
during the process of differentiation. The easiest way to accomplish this is to 
examine the sections in the water rather than in the alum solution. This is per- 
haps the best cytological stain which we possess, since it is very precise and exact 
in its operation, and, because of the method of differentiation, is very flexible. 
The length of mordanting and staining has some effect upon the final result. 
Longer treatments give a greater range of action. The color is somewhat affected 
by the length of treatment also. In this respect, however, the most pronounced 
effect is due to the age of the solutions, particularly of hematoxylin, fresh stains 
being bright blue, while older stains range towards black and finally to a rusty 
green color. 

/. Conklin’s Modificaiion of DelafieUL A valuable stain for eggs, where the 
presence of yolk masks nuclear structures, because of its affinity for hematoxylin. 

Take 10 c.c. of Delafield’s hematoxylin and 40 c.c. of water, and add 10 drops 
of Kleinenberg’s picro-sulphuric acid mixture. Stain sections for five to ten min- 
utes and wash in alcohol. The presence of the acids in the mixture prevents the 
yolk from staining and allows the hematoxylin to act upon the chromatin alone. 

Heynaiein Slaws 

a, Mayer’s niuchernatein. 


Hematein 0.2 gm. 

Aluminum chloride 0.1 gm. 

Glycerin 40 c.c. 

Water 60 c.c. 


Dissolve the hematein in the glycerin and add the other substances. (For the use 
of much hematein, see p. 416.) 

h. Orcein is a dye obtained from certain lichens such as Lecanora parella. It 
is of a violet color and gives metachroma tic effects— nuclei blue and cytoplasm 


pink. 

Orcein ...... 2 gm. 

Glacial acetic acid 2 gm. 

Distilled water 100 c.c. 


Wash in water, dehydrate, clear and mount in cedar wood oil. (For the use of 
orcein in staining elastic tissue, see p. 425.) 
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A. APPARATUS 

I. Handling Small Objects 

Oftentimes it is desirable to prepare one or many very small specimens 
which are easily lost in handling. One of the best means of overcoming 
this difficulty is to use round bottomed shell vials or even a specially 
shaped one employed in centrifuging. The objects are brought to the 
bottom of the container, either by gravity or by use of the centrifuge, 
and the supernatant fluids withdrawn and new ones added. This is a 
very satisfactory arrangement for carrying through quantities of small 
eggs and other such substances. Another device employed by Boveri 
was to enclose the objects in a small packet of frog skin which was held 
together by a pin which also served as a handle to manipulate the bag. 
It is even possible by this arrangement to section the preparations and 
the enclosed material at the same time. Other .membranes such as am- 
nions may be employed in the same manner. For the special purpose of 
handling numbers of small eggs Lefevre devised a special form of watch 
glass with a small trough in the bottom, of a size which would be satis- 
factory for forming the block of paraffin in which the eggs are sectioned. 
With this special watch glass the eggs are more easily brought into a 
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small compass and it has also the advantage that the final step of infil- 
tration and imbedding may be accomplished in the same container. If 
a single small object is to be handled it introduces greater difficulties 
and many devices have been brought forward for overcoming them. 
(For a description of these see Orientation methods, p. 621.) 

II. Illuminants in Relation to Stain 

By due consideration of the relation between the color of stain and 
that of the light employed, greatly improved results can often be ob- 
tained. In the discussion of aniline dyes reference has already been made 
to the desirability of choosing the right contrasting shades of red and 
violet for the tricolor stain to be used with artificial illumination. If a 
standard source of illumination is always used it is possible by proper 
tests to select a series of colors which will work best under these condi- 
tions. However, in the event that this has not been done, improvements 
may often be effected by the action of color filters; those of the Wratten 
and Wainwright series are readily, available and in their cheaper forms 
offer no difficulties in the way of expense. By the use of a green color 
screen in connection with a red dye a very strong contrast approaching a 
black and white result is obtainable. These devices are of value in visual 
observation, but when it comes to the use of photography for making 
permanent records they are almost indispensable. By the proper selection 
of color filters a considerable range of effects may be secured from the 
same preparation which makes its interpretation very much more com- 
plete than does a single photograph. For a full discussion of such optical 
aids reference should be made to works on photomicrography. 

III. Filtering Solutions 

With the great magnification employed in microscopical work the 
presence of foreign substances is not only displeasing to the eye, but also 
very inconvenient or even detrimental in observation of the optical 
images. 

While it is difficult to avoid these intrusions entirely, their presence 
can be greatly reduced by careful filtering of the solutions employed, at 
frequent intervals. It is a good practice immediately before using a solu- 
tion to run it through filter paper. Unless this is done as a matter of 
routine, operators grow careless and may suddenly find that a fungus has 
been growing in one of the stains and is present in unpleasant profusion 
in the preparations. 
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IV. Cements 

For sealing temporary mounts vaseline or paraffin is used. A very 
convenient way of applying the latter is to take one of the small candles 
used for cake decorations, light it and allow it to burn until the paraffin 
melts and then, with the specimen all ready for ringing, the light is 
blown out and the wick is used as a means of applying the melted par- 
affin. For permanent mounts it is often of advantage to surround the 
mounting medium with a cement, although this practice is less in use 
than was formerly the case, because the modern mounting media are not 
so subject to change as was Canada balsam. Of the substances used for 
ringing covers asphaltum is one of the oldest and best. Orange shellac 
colored with Bismarck brown also makes an excellent ring. Solutions 
of celluloid in acetone or amyl acetate or butyl alcohol, or some of the 
trade preparations like Duco afford satisfactory results. 

B. MATERIALS 
I. Mounting Media 

I. Aqueous. Some preparations are best preserved in aqueous 
rather than in balsamic mounting media. The commonest of these are 
Farrant’s medium and glycerin jelly. 


Farrant’s medium 

Gum arabic 30 gm. 

Glycerin 30 c.c. 

Arsenous oxide 0.1 gm. 

Water 30 c.c. 


Keep in stoppered bottle with a lump of camphor. 

Glycerin jelly 

Soak a quantity of gelatin in cold water for two hours. 

Warm in a water bath until melted. 

Add glycerin 1I/2 parts. 

Filter and add a few drops of carbolic acid. 

In the use of these it is of course unnecessary as well as undesirable to 
dehydrate the material. It should be brought either directly into the 
mounting medium from water or through a mixture of water and gly- 
cerin in the case of glycerin jelly. It is very difficult to prepare mounts of 
this character since, for best results, the slide should have built upon it 
a ring of cement of sufficient height to hold the requisite amount of 
mounting medium. After the excess is carefully removed, leaving the 
glass slip entirely dry, the mount is sealed by ringing it with cement. 
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2. Balsamic. The balsams are used as mounting media and the 
cxmimon ones are Canada balsam and damar. Sometimes colophonium or 
resin is employed for this purpose. It is important that only the best 
quality of these balsams be selected, since if there are acids or other 
impurities present, the stains are injuriously affected. Because it has been 
very difficult to get Canada balsam of a satisfactory character in recent 
years, the use of gum damar has much increased. In preparing this 
mounting medium select only the clearest and purest tears and dissolve 
these in benzol to form a thin syrupy solution. This is carefully lib 
tered in order to remove all suspended matter and evaporated to a proper 
consistency. If it is found in mounting specimens that the benzol is too 
rapid in its evaporation the original solution may be reduced to a very 
thick syrup and diluted with xylol or toluol. If the mounts are small, and 
rapid hardening is desired, the solution in benzol is a very desirable one, 
but for ordinary purposes the xylol mixture seems to be the best. Other 
media such as chloroform or turpentine may be used as solvents, but the 
ones previously mentioned seem to be most satisfactory. 

In order to prevent the formation of acid in the balsam it is some- 
times wise to add a small quantity of some carbonate like calcium car- 
bonate to the bottle of balsam. 

II. Reagents 

1. Acetone has only limited application in microtechnique. It is an 
almost universal solvent and because of this fact might have very impor- 
tant applications. On the other hand, its solvent power makes it difficult 
to utilize. It may be employed as a dehydrating agent in place of alcohol. 
It may also be used as a fixative but so far has not been highly recom- 
mended for this purpose. 

2. Alcohol. Ethyl or grain alcohol is one of the most used sub- 
stances in microscopical technique. It serves as a fixative, a solvent and a 
dehydrating agent. It is in the latter capacity that it finds the greatest 
employment. Educational institutions may obtain 95 per cent alcohol 
through the Internal Revenue Department by making application ac- 
cording to the requirements of the Department. Individuals can purchase 
95 per cent alcohol best when it has been denatured. In some cases the 
denaturant injuriously affects the alcohol for technical purposes, but if 
nothing is added except methyl alcohol it is entirely satisfactory, pro- 
vided the strength has not thereby been reduced. For most purposes at 
least 95 per cent alcohol is necessary for proper dehydration, although 
in case aniline oil is employed for clearing, much lower grades may 
be used. 
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Certain grades of methyl alcohol are quite satisfactory for technical 
use, but if grain alcohol can be obtained it is the best reagent. Absolute 
alcohol may be secured by removing the remaining water in 95 per cent 
alcohol by distillation over quicklime. A convenient method of doing 
this is to shake the alcohol up with lime and allow it to stand for some 
time. Then a quantity of this alcohol, together with some fresh lime, is 
placed in a still and by heating with an electric hot plate the alcohol is 
slowly distilled olf leaving the water combined with the lime. Absolute 
alcohol should be carefully protected from contact with air because it 
very quickly takes up moisture and becomes reduced in strength. Another 
method of increasing the strength of alcohol without distillation is to 
treat 95 per cent alcohol with exsiccated copper sulphate. This takes up 
water from the alcohol and it is practical to operate by having some of 
the copper salt at the bottom of a bottle from which the alcohol is 
poured off as desired. This is less desirable than distillation over lime, 
since some of the copper remains in solution. 

Exsiccated or anhydrous copper sulphate is prepared by driving off 
the water of crystallization with heat. A convenient way of doing this is 
to place the crystals of copper sulphate in a crucible which is then 
heated over a blast flame until the blue color is entirely removed, leaving 
behind a white substance. This is powdered in a mortar and it is then 
shaken up with the alcohol. 

For some purposes absolute alcohol is not required. The commercial 
grade of 95 or 96 per cent is sufficiently high to secure dehydration. This 
is especially true if the intermediate step of a mixture of equal parts of 
dehydrating and clearing agent is employed. 

3. Acid Alcohol. Acid alcohol is used for cleaning glass slips and 
also for decolorizing after the use of certain stains. Either 70 or 95 per 
cent alcohol may be used, but commonly the former. Various strengths 
are employed. A 1 per cent solution is particularly useful in decolorizing. 
The action of this is rather rapid on sections so the process of decolori- 
zation should be watched under the microscope. 

4. Alums. These substances are double salts containing a large 
amount of water of crystallization. They are used in microscopical tech- 
nique as mordants and to form lakes with the staining agents. The com- 
monest in use is the aluminum potassium sulphate. When not otherwise 
indicated this is the form to be employed in making up solutions of 
hematoxylin. The aluminum ammonium sulphate or ammonia alum is a 
cheaper substance and may without injurious results be used as a sub- 
stitute for the potash alum. Ammono-ferric sulphate, or iron alum, is 
a salt in which the place of the aluminum is occupied by iron. The 
crystals of this alum, instead of being clear and colorless, like the potash 
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and ammonia alums, are violet colored. On exposure to the air they 
oxidize and thereby become unavailable for use in the Heidenhain 
technique. It is therefore necessary to select, out of the mass of crystals, 
only those which are perfect in color. This salt is very deliquescent and 
should be kept from exposure to moisture. In very warm weather it 
may melt down in its water of crystallization. 

5. Amyl Nitrite. This substance is used as a dilator of the periph- 
eral capillaries and is valuable preceding injections where it is desired to 
obtain a complete injection of the small vessels. This effect may be ob- 
tained by adding amyl nitrite to ether at the time of anesthetization. 

6. Benzol (C^He,) is the lightest of the benzene ring series. It is 
used as a solvent for balsam and paraffin and may therefore be employed 
as a clearing agent. Because of its rather high volatility, however, it is 
not as frequently used for this purpose as is xylol. 

7. Formalin, otherwise known as formol or formolose, is a 40 per 
cent aqueous solution of formaldehyde. It is used in various strengths 
commonly stated in terms of the ac[ueous solution. For fixation a 10 per 
cent aqueous solution is commonly used which is prepared by adding i 
part of formalin to 9 parts of water. 

III. Preparation of Reagents 

1. Mayer^s albumen is a mixture of equal parts of fresh egg albumen 
and glycerin to which has been added some preservative like sodium 
salicylate or thymol. The proportions recommended by Mayer are 50 c.c. 
albumen, 50 c.c. glycerin, 1 gm. sodium salicylate. The original directions 
require the filtration of this mixture, but this is exceedingly difficult 
and time-consuming. It may be easily avoided by a simple expedient. 
Place the fluid in a tall cylinder and shake vigorously until a great many 
air bubbles are included. These will rise to the surface and carry with 
them the fragments of membrane which it is desired to remove. This 
upper layer can thus be taken off, leaving behind a clear mixture quite 
as good as that obtained by filtration. 

2. Paraffin of various melting points may be purchased, and, as was 
indicated in the description of the paraffin method (p. 6) , the one 
utilized should be chosen with careful consideration of the density of 
the object and the temperature of the room in which the sections are 
cut. New paraffin is apt to crystallize more readily than that which has 
been used, and it is the practice of some technicians to melt the fresh 
paraffin and keep it in this condition for a considerable period of time 
so that it may become of a more waxlike consistency. It is possible to 
improve the consistency by the addition of castor oil or India rubber in 
small quantities. The paraffin which is trimmed from the blocks around 
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specimens is returned to the jar and remelted. After considerable use 
paraffin becomes contaminated with foreign materials, in part from the 
specimens, and in part from the air, and it is necessary to filter these out. 
The best way to accomplish this is to melt the paraffin and pour it into 
a paper funnel which has had the apex cut off and in which a wad of 
absorbent cotton has been placed. If this is placed upon a heated radiator 
the paraffin will remain melted and in passing through the cotton will 
leave behind the foreign substances. It is very necessai'y to avoid the 
presence of hard gritty material in the paraffin which would injure the 
knife edge. 

It is desirable after the paraffin has been melted and filtered to cool it 
rapidly by immersing the vessel in cold water. If volatile pi'oducts are 
present these will be forced towards the center of the mass which will 
remain spongy. This portion may be cut out before remelting and thus 
improve the consistency of the paraffin. 

Rubber Paraffin 

Johnson’s asphalt formula.^ 

Crude India rubber, cut small 

Paraffin, melted and tinged an amber color with asphalt 
Heat to ioo°G., twenty-four to forty-eight hours. 

Remove supernatant fluid and cool. Use as ordinary paraffin. 

3. Preserving Fluids. Tissues may be kept indefinitely in 70 per 
cent alcohol and this is a standard medium for the purpose. Several 
years’ immersion in this fluid seems to have no bad effect upon delicate 
cytological details. If the picro-formol-acetic mixtures have been em- 
ployed for fixation a gradual extraction of the picric acid will occur, 
which colors the alcohol but which apparently has no harmful effect. 
Solutions of formalin of 4 per cent also may be employed for preserving 
purposes. In general this seems to have no marked injurious effect. 

C. METHODS 
I. Decalcification 

This is a process of removing the calcareous substances from such 
tissues as bone and teeth (bone and teeth, pp. 346, 360) . 

II. Orientation Methods 

In many cases it is necessary to define the plane of future sectioning 
accurately before inclusion of the specimen in the imbedding medium. 

/^ Johnson, J. Micro., 6: 2662, 1903, 


1 part 
99 parts 



()22 MICROSCOPICAL TECHNIQUE 

It is very difficult after imbedding to establish a plane of sectioning with 
regard to the particular elements of structure. Therefore, at the time of 
imbedding the material is so arranged that by placing certain guides in 
proper relation to the knife, the desired plane can be realized. As was 
indicated in the description of the paraffin method, this may be accom- 
plished by placing the tissue upon a piece of paper to which it adheres 
and so arranging it that the paper is parallel to the desired section plane. 
In other cases threads containing lamp black are laid in the paraffin and 
after hardening these are drawn through, leaving marks indicating the 
plane of section desired. 

Very small objects cause unusual difficulties in orientation and spe- 
cial means are necessary. One of these is described by Heuser as follows: 

A binocular microscope is mounted on a long swinging arm, so that it can be 
moved over the dishes which hold the specimens. The latter are thus always 
kept in view while they are being changed from one fluid to another. When they 
have been carried up to paraffin they are handled with a long slender glass pipette 
which is wrapped with coils of small resistance wire and heated with an electric- 
current of proper voltage. A small rheostat controls the strength of the current 
so that the temperature is maintained just at the melting point of the paraffin. 
The infiltrating dishes are kept at a uniform heat in a shallow box, open in front 
for manipulating the instruments and closed on the remaining sides with thin 
wood boards. An automatic electric hot plate provides a bottom for the box. 
The top is made of glass; above it is mounted a loo watt electric lamp which 
supplies some of the heat for liquefying the paraffin and also gives light. 

After the object has been thoroughly infiltrated it is imbedded beside a small 
stained bit of tissue, for example, a slender column cut from an embryonic liver. 
These orienting pieces of tissue are prepared in advance and imbedded, riien 
when one is needed the paraffin above it is melted with an electric needle, the 
working point of which is made of copper, and the specimen deposited at the 
lower end of the tissue guide. The specimen is finally arranged as desired in 
relation to the long axis of the orienting guide block. The specimen cannot be 
conveniently moved about with the same electric needle that is used to melt the 
paraffin since eddy currents are set up in the fluid, which are apt to carry the 
specimen far from the desired position. There is the possibility, too, of injuring 
the specimen by touching it with the hot instrument, although the temperature 
of it need not be much above the melting point of the paraffin. The specimen 
rests upon the solidified paraffin which obviates any danger of superheating. A 
very useful instrument is one made by soldering to the copper point of the elec- 
tric needle a second point of iron or German silver wire so that the 2 points 
stand apart at an angle of about 90°. Either the hot copper point or the warm 
point can be used as occasion demands by revolving the tool, both the tool and 
the specimen being under constant observation. With these devices specimens as 
small as mammalian eggs can be placed in any desired position. Very small objects 
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cannot be seen in the cold paraffin but since its position in relation to the guide 
block is known it is a simple matter to make the proper adjustments on the 
microtome. When the sections are cut those including the guide are discarded 
and only the ones carrying the specimen are mounted so that the slide is unin- 
cumbered with any foreign material. 

Fry^ describes methods of handling small objects in the various steps 
of fixation, washing, etc. For orientation he recommends imbedding in 
small water color dishes under a dissecting microscope, in such a manner 
that the bottom of the vessel indicates the plane of sectioning. This paper 
contains a list of references for other methods of treating minute objects. 

III. Bleaching Methods 

Specimens containing a natural pigment or darkened by the action of 
osmic acid may be bleached, either entire or after sectioning, in hydrogen 
peroxide, chlorine mixtures, or sulphurous acid. 

I. Hydrogen Peroxide Method. 


Hydx'ogen peroxide g c.c. 

Water 97 c.c. 


Allow the solution to act until desired effect is secured. After a time macera- 
tion begins and the material should be removed to alcohol. 

2. Mayer’s Chlorine Method. 

To a few crystals of potassium chlorate in a bottle or test tube add 2 or 3 
drops of hydrochloric acid. When chlorine fumes are evolved add 5 to 10 c.c. of 
70 per cent alcohol. The specimens are transferred from a similar grade of alcohol 
to the chlorine mixture and left until bleached. Depending upon their size and 
density this period may vary from a few minutes to a day or two. 

3. Sulphurous Acid Method. 

To a small quantity of sodium sulphate dissolved in water add 2 to 4 drops of 
hydrochloric acid. Sulphurous acid is evolved and goes into solution. 

IV. Huber’s Water-on-the-knife Method for Cutting 

A method has been, devised by Huber for cutting paraffin sections, 
using a sliding microtome, with a knife wet with water, just as celloidin 
sections are cut with a knife wet with alcohol. Using this method it is 
possible to cut and mount serial sections of embryos or blocks of tissue 
with greater precision than is possible with the usual dry knife method. 
Moreover, much thinner sections can be cat with the Huber technique. 

- Fry, H. J. dnrt/. Kcom/, 2-15, 1927. 
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Some details, like those described here, have been added to the method as 
demonstrated by Huber, but the essential points are as they have been 
developed by him. 

The knife is sharpened by honing first on a yellow Belgian stone, if 
necessary using water, and finishing on a blue Belgian stone. A hone 
which has been used with oil should be avoided, since the slightest trace 
of oil on the knife will prevent the water from extending down to the 
cutting edge of the knife. For the same reason the knife is not stropped 
on leather. It is essential that the water does not draw away but is kept 
in contact with the cutting edge of the knife, otherwise the sections, as 
cut, will not float upon the water. If the water does not flow down to its 
edge the knife is cleaned with absolute alcohol and a large camels hair 
brush. The alcohol is washed off with water and finally dilute albumen 
solution is applied. A short segment of rubber tubing slipped over the 
end of the handle of a brush is a very useful instrument for stroking 
the edges of the knife, which is thus kept clean and wet. When the knife 
is locked in position, on the microtome, as much fluid is placed on it as 
will remain without running off. The lower surface is kept dry. When 
the knife is drawn across the paraffin block the section will be cut 
smoothly and accurately but it will roll up unless the corner first touch- 
ing the knife is held down by the point of a small camels hair brush. 
The brush is wet with water and gently stroked over filter paper to 
bring the hairs to a point, or the brush can be moistened and pointed 
with the tongue and lips; the latter method is very efficient but has the 
disadvantage that a few squamous epithelial cells are apt to be carried 
to the slide. The moist tip of the brush is then slightly pressed against 
the corner of the block and held there just for a fraction of a second 
until about the first millimeter of the section is cut, when it is pulled 
away and the section will then float upon the water. Then with a large 
camels hair bi'ush dipped in dilute albumen solution, so that it holds the 
maximum amount of fluid, the section is lifted up with a rolling motion 
of the brush and transferred to its proper position on the slip. The latter 
is best held on a wire frame made to fit in a large shallow Stender dish. 
The slip should be held at an angle of about 30° and a dilute solution 
of albumen added, to submerge the slide up to the hand for the first row 
of sections. When these sections have been arranged, enough fluid is 
removed from the dish to expose a band for the second row and so on 
until the slip is filled with sections. The level of the fluid in the dish can 
be easily controlled by placing a second chamber on a stand, provided 
with a rack and pinion and connecting the two dishes with a flexible 
syphon. The albumen solution is prepared by adding about 9 drops 
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o£ Mayer’s egg albumen to 30 c.c. distilled water. The slip is wet with 
the solution and rubbed with the tubing mounted on the brush handle 
until the fluid clings to all parts and it is then put in position on the 
wire frame. As the sections are smooth when cut they recjuire no spread- 
ing as ordinary paraffin sections do. The slide is removed from the frame, 
and the fluid drained off and placed on a warm plate to dry. (C. H. 
Heuser.) 

D. GENERAL 
I. Alligation 

I. Preparation o£ Elements in Mixtures. A convenient method 
of approximate accuracy for making mixtures of different substances is 
the following: Write the strength of the solution desired. Beneath this 
draw a line and at the two ends write the strengths of the solutions to be 
used. Subtract the smaller figure from the larger in each case and place 
the subtrahends at opposite ends of the line in reverse position, according 
to the following diagram: 

70 

95 0 

70 25 

The results thus obtained will give the proportions of the 2 substances. 
Thus, for example, if it is desired to make the grade of 70 per cent alco- 
hol from 95 per cent alcohol and water (represented by zero) , subtract- 
ing zero from 70 gives 70. This is placed beneath the 95, the strength of 
the alcohol. Likewise 70 is subtracted from 95, giving 25, which is placed 
beneath zero. It is thus indicated that 25 parts of water and 70 parts of 
alcohol are required to make a 70 per cent solution. 

II. Thickness of Sections 

The thickness of sections employed depends largely upon the purpose 
in view. If it is intended to study the relations of elements to each other 
in a tissue such as the course of the blood vessels or nerve fibers, sections 
of considerable thickness are desirable, often up to 50 or loofjL. For most 
histological and cytological purposes sections cut from 7 to io/a are satis- 
factory. For the finest cytological details sections as thin as 1 or 2/x are 
often helpful. For the best staining results in general, sections should 
be so thin as to insure cutting through the surface of cells or even of 
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their nuclei. Otherwise it is difficult to secure accurate detailed differen- 
tiation. 

III. Handling Cover Glass Preparations 

Many preparations are best made by attaching the material to cover 
glasses, either in the form of smears or as sections. These delicate pieces 
of glass are more difficult to handle than thicker slips, but there are 
devices which make it quite feasible to prepare material in this manner. 
If it is desired to study both sides of the preparation this may be accom- 
plished by placing it between 2 covers. The method of mounting on cover 
glasses deserves a wider use than it now has. If only a few* covers are to 
be handled at one time they may conveniently be passed through the 
different reagents by the use of special forceps designed for this purpose. 
These are so formed that they rest upon the table conveniently while the 
cover glasses are immersed in the reagents. In the absence of such special 
devices the covers may be laid upon small corks and handled in this 
position, the solutions being placed upon the upturned specimens and 
removed therefrom by pipettes. In this case care should be exercised to 
avoid bringing the objects in contact with the edge of the cover whicli 
would permit the solutions to be drawn off. Where large numbers ol“ 
covers are handled at once there are special racks for holding the covers 
which may be immersed in the various ffuids used. One of these designed 
by Metcalf is constructed of glass and is a very convenient device. 

IV. Preservation of Specimens 

If material is to be kept for a considerable length of time there are 
two general alternatives. It may be run up into 70 per cent alcohol 
where it, in general, will remain indefinitely without change. In this 
case there is a necessity of having some means of handling the fluid and 
this is sometimes a disadvantage. It may be avoided by continuing the 
operation of infiltration with paraffin if this is the method to be em- 
ployed for sectioning and in this medium also the material will remain 
indefinitely without change. The advantages of this arrangement are that 
the specimens are easily preserved and are in a condition to be imme- 
diately sectioned. If it is intended to preserve the material in 70 per cent 
alcohol, the best method is to place the specimens in small shell vials, 
stoppered with cotton, and filled with 70 per cent alcohol. These vials 
are then immersed in some convenient vessel and the whole covered with 
70 per cent alcohol. A very convenient container is afforded by some 
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forms of fruit jars which have lids that are easily sealed tight upon cush- 
ions of rubber. The use of corks should be avoided since the alcohol 
extracts tannin and in some cases injuriously affects the specimens. It is 
sometimes more convenient to use large shell vials in which a number of 
specimens are placed with layers of absorbent cotton between them. In 
this case each specimen of course should have its designating number at- 
tached in some manner which will avoid its displacement. If a large 
number of small vials are kept in one container a very convenient way 
of placing them for ready access is to stand them on end in rows, or in a 
spiral, proceeding from the center outward. Thin strips of paper between 
the rows keep them apart. The numbers of the first and last specimens 
of the series should be placed upon the outside of the jar. (See Botanical 
Methods, Chap, iv.) 

V. Tinting Light Colored Specimens for Identification 

Objects which have been fixed in Carnoy (p. 558) , or sublimate mix- 
tures, are often almost exactly the color of paraffin and are difficult to 
orient and handle in this case. A very convenient method for avoiding 
this difficulty is to stain the material lightly and superficially with some 
bright colored dye like eosin. In case this is subsequently undesirable it 
may be removed from the tissue by treatment wi'th acid alcohol. 

VI. Air Bubbles 

1. Air Bubbles during Section Spreading. If sections are al- 
lowed to remain too long beneatlr the lamp the air dissolved in the water 
will accumulate as small bubbles and will force up the sections above 
them abruptly and thus disturb the level of section. These bubbles may 
be avoided by spreading the ribbon more rapidly. 

2. Air Bubbles in Damar. If the cover glass is properly placed 
over the sections the damar will be spread uniformly but if it is dropped 
or lowered unevenly air bubbles will be included. By pressing lightly on 
the cover glass these may be removed without injury to the section if 
there is plenty of damar present. However, if the amount of medium 
is slight and not sufficient to fill the space beneath the cover, large air 
spaces will be produced. These, of course, cannot be removed by pres- 
sure, but sometimes may be replaced by adding damar on the opposite 
side of the cover, forcing the air out. In the event that these spaces are 
very large it is safer to remove the cover by placing the slide in xylol 
and making a fresh effort. 
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3. Air bubbles in tissues arise in various ways. Exposure to the air 
in passing the material from one solution to another is often responsible 
for this difficulty, which can easily be avoided by gradual transfer of the 
specimen from one fluid to the other by substitution. Air bubbles also 
arise in the process of decalcification where they are, of course, unavoid- 
able. Removal may sometimes be accomplished by placing the material 
in the fluid underneath negative air pressure. If they are situated deep 
in the tissue, however, this method may not work. If too much injury 
is not done the specimen, an opening made by a needle or fine scalpel 
may make it possible to remove the air. 

VII. Adipose Tissue 

A good demonstration of this tissue is afforded by the following 
process: 

Stretch a piece of mesentery containing fat upon rubber rings (see Stretching 
method, pt. 1). Fix in 5 per cent formalin, rinse in water, stain in a saturated 
solution of Sudan III and 70 per cent alcohol, five or ten minutes. Differentiate 
in 70 per cent alcohol until only the fat cells are colored. Wash in water. Counter- 
stain in dilute Delafield for five minutes. Wash in water. Mount in Farrant's 
medium (p. 617) . 


VIII. Artifacts 

As has been intimated elsewhere, it is a question in the minds of 
some whether all of the figures produced in protoplasm by the use of 
fixatives are not of the nature of artifacts. In the opinion of those with 
most experience, however, it seems perfectly evident that the consistency 
and definiteness of the figures in the best preparations indicate the exist- 
ence of structures very much of the same character as are present in 
living material. On the other hand, there are certainly some results fol- 
lowing on the application of reagents to protoplasm which are clefinitely 
of an artificial character. Some of these have been mistakenly described 
in the literature as natural structures. Certain crystalline forms resulting 
from the use of corrosive sublimate closely resemble natural fibrous 
conditions in the tissues. Also the use of too much Mayer’s albumen in 
mounting sections results in certain coagulation products within open 
spaces in the tissue which might be mistaken for natural structures. It is 
iinportant to check up on any unfamiliar or unusual conditions in the 
sections to see if they may possibly be produced by the technique. 
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IX. Feulgen's Stain 

It is a serious hindrance to an analysis of cellular constituents that 
we have no specific chemical tests for them. Thus, while the substance 
we call chromatin has affinities for certain dyes, none of them can be 
used as a definite test for it. Recently Feulgen^ has presented a method 
which he considers capable of indicating chromatin by a specific reac- 
tion. It is carried out as follows: 


1. Fixation. 

Corrosive sublimate 6 per cent aq. sol 98 parts 

Glacial acetic acid 2 parts 


Apparently the p.f..a. mixtures will also serve. 

2. Hydrolysis. 

Sections are exposed for two minutes to the action of cold dilute hydrochloric 
acid, followed by digestion for four to fifteen minutes in the same strength of 
acid at a temperature of 60 °c. 

Hydrochloric acid s.g. 1.19 82.5 c.c. 

Distilled water . 1000.0 c.c. 

3. Rinse in cold dilute hydrochloric acid. 

4. Rinse in distilled water. 

5. Stain in fuchsin-sulphurous acid thirty minutes to two hours. 

Although this is a chemical test the length of exposure to the fuchsin-sul- 
phurous acid influences the intensity of the coloration. It is well therefore to 
vary the length of staining with unfamiliar material. 


Basic fuchsin i gm. 

Distilled water 200 c.c. 


Boil, cool to 50° c., filter, add 20 c.c. of the dilute hydrochloric acid. When 
further cooled to 25°c., add 1 gm. of anhydrous sodium sulphite. When the solu- 
tion is decolorized it is ready for use and should be kept in the dark. 

6. Pass through 3 baths of dilute sulphurous acid. 


Distilled water . 200 c.c. 

10 per cent aq. sol. of sodium sulphite. ... 10 c.c. 

Dilute hydrochloric acid 10 c.c. 

7. Rinse in distilled water. 

8. Counterstain in light green. 

9. Mount in damar. 


The test indicates nucleic acid (Thymus-nucleic acid) by the presence 
of an aldehyde group, liberated in its hydrolysis with the dilute hydro- 

^Feulgen, R., and Rosenbeck. /. Physiol. Chem., vol. 135: 1924. 

Feulgen-Brauns, F. ^rc/z. /. 203: 415, 1924. 
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chloric acid. Orthopteran spermatocytes treated in this way present essen- 
tially the same picture as that following the use of hematoxylin. 

A RAPID METHOD FOR STAINING EXPOSED SURFACES OR 
SECTIONS OF THE SPINAL CORD AND BRAIN STEM‘ 

This method is particularly adapted for quickly exposing and study- 
ing the relations of microscopic structure to surface forms and can be 
used readily by classes in neuroanatomy. The advantage of the method 
is the possibility of selecting and cutting through with a safety razor 
blade and staining in a few minutes to reveal the microscopic details 
of the parts cut-special regions or levels of the cord and brain stem. 
Thus one secures the readiest comparison and understanding of the 
buried microscopic structures and connections which form the basis of 
surface relief. 

Though material from the dissecting room may be used, this nat- 
urally varies, the sharpest pictures being obtained from specimens with 
formalin in the fixative. 

The method is not simply one to secure thin sections to demonstrate 
details, though satisfactory stains of thin frozen sections are secured 
by this technicjue. Emphasis is to be laid rather on the advantages of 
laying open at will and demonstrating quickly, the finer internal rela- 
tions of the nuclei and connections of any cranial nerve or other special 
structure of the medulla prominent in surface views, as a helpful pre- 
liminary to a later more detailed study of thinner sections, stained either 
by this or another method. 

This technique is an adaptation of the ‘‘Rapid Iron Hematoxylin 
Technique” of Dr. E. C. Cole of Williams College."' The following steps 
are recommended for blocks of tissue or thick sections, the upper cut 
surfaces of which are specially selected to be stained and studied under 
a strong light directed from above, rather than by transmitted light 
from below through cleared sections. 

(1) Material: Pieces of cord and brain stem, preferably human 
material from subjects being examined by students, from cadavera in 
which formalin has been introduced; or fresh animal material which has 
been hardened for some time. The method also demonstrates areas of 
degenerated tracts in pathological specimens. 

(2) Cutting: Sections should be cut free-hand with a slicing stroke 
by means of a sharp, flat, thin razor blade, the object being to secure a 

'‘ Section on Staining Exposed Surfaces or Section of Spinal Cord and Brain Stern by 
Dr. H. McE. Knower. Science, vol. 72: 1930. 

Cole, E. C. Se/Vn/re (Nov.), 1926. 
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smooth surface on a block of tissue from 1 to 3 mm. thick, through a 
particular selected level. Thinner frozen sections stained by this method 
instead of more elaborate techniques, cleared, and mounted in balsam, 
may also be used to advantage for special details. 

(3) Mordanting: Sections should stand in 95 per cent alcohol for 
five minutes, then transferred to Cole’s mordant (made as follows: 50 
per cent alcohol, 20 c.c.; ferric chloride, 1 gm.; glacial acetic acid, 2 c.c.) . 
Sections remain in this mordant with upper surfaces covered for at least 
five minutes. For some material, the mordanting seems sufficient when 
prolonged until the details of structure have developed and such sec- 
tions can be removed to alcohol and studied without further treatment, 
but most material gives better results when stained as follows: 

(zj.) Staining (see Cole’s article just quoted for full discussion): 

First prepare Cole’s “stock hematoxylin solution”: absolute alcohol, 20 c.c.; 
sodium hydrosulfite (same as sod. bisulfite) 0.2 gm.; distilled water, 5 drops; 
hematoxylin crystals, 1 gm. (use light brown, not dark, crystals of hematoxylin). 

Now add 5 drops of this stock solution to 10 drops of tap water and follow 
with 1 drop of ammonium hydroxide. 

Before using, allow this mixture to ripen for thirty seconds. Add 
5 c.c. of 95 per cent alcohol to this ripened staining solution, and flood 
the surface of the section which has been taken from its alcoholic bath. 
Allow the stain to act on the smooth cut upper surface for at least five 
minutes. This overstains and must be differentiated. 

(5) Differentiation: This should be accomplished by destaining 
through the action of 0.4 per cent HCl, the microscopic details of the 
gray matter being thus brought out sharply in contrast to the darker 
background. When sharp definition is obtained, rinse off in slightly 
alkaline 95 per cent alcohol and study by strong reflected light. 

(6) Lighting: Direct light of strong intensity from above should be 
used, preferably concentrated on the surface of the section by a con- 
densing lens. Thus lighted, sections can be studied with a hand lens or 
low-power (48 mm.) objective on a compound microscope. 

Of course the mordant and stock solutions will be prepared in ad- 
vance for class work, and each student will follow the technic|ue in 
watch glasses and begin study of the specimens in a few minutes. Once 
stained, sections may be kept in alcohol for later examination. 



THE FUSED QUARTZ ROD METHOD OF ILLUMINATING 
LIVING STRUCTURES FOR MICROSCOPIC STUDY 


Melvin H. Knisely 

Characteristics of fused quartz rods 632. Historical background 633. Light con- 
duction 636. Light source 638. Temperature control 639. 

The following is a rather general description of method and appa- 
ratus. The essential parts are the fused quartz rod, which conducts light, 
and an accompanying glass tube, which conducts fluid to maintain nor- 
mal tissue temperature. Special light sources and apparatus for con- 
trolling the position of a rod, holding it steady, controlling illumination 
intensity, supporting the specimen and carrying away waste solutions can 
be selected or designed to integrate with the other features of the ex- 
perimental procedure involved. 

I. Characteristics of Fused Quartz Rods 

Visible light passes by internal reflection through considerable lengths 
of smooth, transparent, fused quartz rods with but little loss of intensity 
and no change in color. It follows the contours of the rod around long 
curves and quite sharp bends, and will be somewhat concentrated where 
the rod is narrowed. 

Fused quartz is transparent also to some bands of the infra red and 
ultraviolet^; however, these wave lengths cannot be conducted through 
rods as far as can the components of white light.^ 

The thermal conductivity factor of fused quartz is low: about 0.003 
20° gram-calories per square centimeter per second per degree Centi- 
grade per centimeter. At room and body temperatures fused quartz reacts 
very slowly, if at all, with the chemical constituents of tissue fluids. 

On account of these properties fused quartz rods are particularly 
suitable for conducting light to living tissues. The simplest set-up con- 
sists in having one end of a rod near a light source, the other end near 
or touching the tissue to be observed. (Fig. 1.) White or colored light 

^ Wolf, 1928, used a fused quartz rod to irradiate small localized areas of developing 
eggs and unicellular organisms with ultraviolet light. Its point was drawn out to a few 
microns in diameter and maneuvered with a standard micromanipulator, and its sides 
were silvered and lacquered to prevent irradiation of adjacent areas. (Wolf, E. A. An 
ultra-violet micro-radiator. Collecting Net, 3: 20, 1928.) 

^See Sosman, R. B. The properties of siliea. Am. Chem. Soc. Monograph Ser., No. 37. 
Chemical Catalogue Co., 1927. See Chap, xxxvi for absorption theory and data. 
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can be conducted from a suitable source, through long rods if necessary 
and around obstacles which would interfere with the straight-line propa- 
gation of light by lens and mirror systems, to the spot to be illuminated. 
By use of appropriate rods and light sources many tissues and organs of 
small living animals (such as frogs, mice, kittens, etc.) can be brilliantly 
illuminated for microscopic study. Proper design and use of the rods 
reduces the surgical procedure necessary for observing internal organs 
and makes it possible to study them in, or nearly in, their normal loca- 
tions with their vessels, nerves and attachments intact. As a rod occupies 
little space it is easy to illuminate a specimen which is surrounded by 
intricate apparatus. 

By controlling the position of a rod's light delivery tip the light can 
be delivered either by reflection, or at a “low incident angle” (compare 
Vonwiller^) , or by transillumination. The light is sufficient to transillu- 
minate relatively opaque or thick translucent structures. 

For aseptic techniques the rods can be steam sterilized, flamed, or 
washed in the usual bactericidal solutions. 

II. Historical Background 

Fused quartz is not the first material used to conduct light to living 
structures. Easier^ designed a method of illuminating internal organs 
with a curved rod of glass. Loeffler and Nordman-'^ used Basler's method 
in their study of the mammalian liver circulation. Basler’s description 
includes a mathematical presentation of the phenomenon of internal 
reflection which applies to fused quartz if its indices of refraction and 
critical angles are substituted in the equations. (Sosman gives the indices 
of refraction of fused quartz for many wave-lengths of the visible spec- 
trum.) However, fused quartz is superior, as glass is less transparent and 
permits only short lengths to be used. Glass absorbs some wave-lengths 
more than others, so that the color of the light delivered to the tissue 
is not the same as that sent into a glass rod, and light does not follow 
around sharp bends in glass in usable amounts. 

Florey and Carleton^ spread the mesentery out over a glass plate and 

®Vonwiller, P. Histologische Methoden und Ergebnisse der Mikroskopie im auf- 
fallenden Liclit. In: Handbuch der biologischen Arbeitsmethoden Heraiisgegeben von 
Geh. Med.-Rat. Prof. Emil Abderhalden. Berlin, Urban and Schwarzenberg, 1920. 

Easier, A. tjber eine neue Methode zur mikroskopischen Untersuchung innerer 
Organe des Lebenden Tieres im durchfallenden Licht nebst dem Versuch einer 
Theorie der das Licht leitenden Glasstabe. Pfieuger's Arch., 167: 228-244, 1917. 

/^Loeffler, L., and Nordman, M. Leberstudien. Virchows zlrc/L, 257: 119-181, 1925. 

® Florey, H. W., and Ckirleton, H. M. Rouget cells and their function. Proc. Roy. Soc. 
London, %. n, 100: 23-31, 1926. 
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illuminated the area to be studied by means of an internal reflecting 
rod. They do not name the material of which the rod was made. Leiter'^ 
used a curved fused quartz rod to illuminate microscopic objects, be- 
cause the passage of light through the rod eliminates the image of the 
lamp filament. Silverman'^ described the use of curved fused quartz rods 
to furnish “cold light” for microscope use. (The term “cold light” is 
misleading, however, since a fraction of the light energy which strikes an 
object is transformed into heat.) Wearn et al.,'* in the study of the circula- 

^ Leiter, S. B. Microscope illumination by means ot ci'.iartz rod. ./. Optical Sac. Am., 
11: 187-189, 1925. 

■^Silverman, A. Cold light for the microscope. J. Irul. Eng. Cheni., 17: 573, 1925. 

” Wearn, J. T., Ernstene, A. C., Bromer, A. W., Barr, J, S., German, W. }., and 
Zschiesche, L. J. The normal behavior of the pulmonary blood vessels with observations 
on the intermittence of the flow of blood in the arterioles and cai)illaries. Am. J. 
Physiol., 109: 236-256, 1934. 

Fig. 1. Accessory apparatus for one form of tissue illuminator, a. Asbestos sheet, 
containing hole tvhich fits around rod. b. Base, 5/16 x 24 x 30 in.* c. Clamps, made of 
spring clothes pins. d. Drain tube to carry waste fluid from drip tray. f. Filament of 
400-watt “T 10” liulb. g and g. Glass tubes which bring Ringers solution to tissue. 
li. Screw clamp regulating flow of Ringer’s solution in one tube. i. Top of work table. 
j. Joint in stove pipe. 1 . Light filter held in break in rod by a clamp in movable stand. 
m. Movable stand controlling upper glass tube tip, g. p. Pinion and rack of old dis- 
secting microscope to control elevation and lateral movement of tip of rod. q. Fused 
quartz rod, with concentrating segment near delivery tip. r. Ringer’s solution, s. Stove 
pipe. sp. Small space to prevent transmission of vibration from fan to apparatus on 
liase. /. Three-legged table, acting as microscope stage, b. Drip tray, xl Rubber stopper, 
used as leg to isolate base from vilirations. xv. Wing nuts to adjust position of clamps 
holding rod. x. Box acting as compression chamber. 

* For portable apparatus the base b is of masonite fiber lioard, heavily shellacked 
to protect it from spilled solutions; to diminish vibrations, for research, it should be of 
heavy boiler-plate iron. 

If the drain tube, d, leads to a large (about 5 gal.) bottle which is partly evacuated 
by a tube from a suction filter aspirator, the waste fluids are removed from the drip 
tray automatically. Fixcellent drip trays, h, made from small hard-rubber photo- 
graphic developing trays, by cutting off the rims with a hack saw, to a height of 1 cm. 
For attaching the drain tube, fasten a bent glass tube in one corner with de Khotinsky 
cement, so that the inside end is close to the floor of the tray. 

The tal)le, /, is made of well -shellacked masonite, and has one leg about 5 mm. 
shorter than the others to tilt the top toward the outlet of the drip tray. By having 
the specimen on a table the microscope can be moved about to get different views of 
various parts. The microscope has its stage removed. 

An electric fan blows air into tlie box, .v. 7 ’he air sent into the box is vibrating due 
to the forward “p^tls” given it by the blades at a certain position as they pass by. The 
box is large enough (1/3 c.ni. or more) so that air comes out in a steady stream; thus 
the vibration of the air is prevented from shaking the light l)ulb. 
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tion o£ the living mammalian lung, used a straight truncated cone of 
fused quartz to conduct light to lung tissue. 

Some details of the method described in this article are given more 
fully elsewhere (Knisely^^) . 

III. Light Conduction 

Because there are some types of fused quartz rods which do not con- 
duct light, in ordering rods the smooth, optically clear, machine-made 
ones should be specified.ii They may be of nearly any diameter; a service- 
able size for almost any internal organ of mice or frogs is a quarter inch 
(6-7 mm.) . These are not broken easily and are inexpensive. 

In this description the parts of a rod are termed (1) the base, the 
end that receives light, (2) the main conducting piece, which may con- 
sist of two parts as in Figure 1, a short *‘lamp segment’' near the bulb 
and a longer segment near the object, (3) the concentrating segment, a 
narrowed length of the conducting piece, which concentrates the light, 
and (4) the delivery tip, which directs light to the field of observation. 

For intense illumination a single solid rod containing one or more 
concentrating segments serves best. There are, however, several advan- 
tages in having the light-conducting system made in two or more pieces, 
placed end to end. This permits various interchangeable units consisting 
of a concentrating segment and delivery tip to be used on one shaft. A 
snug ferrule (made by slitting a short brass tube from end to end) holds 
the delivery tip unit firmly to the shaft so that the two can be mounted 
and manipulated as a single piece. 

Frequently it is imperative to vary the illumination of a specimen 
without disturbing it mechanically. If a system has a joint as at / in 
Figure 1 and the two parts are supported independently, moving the 
lamp segment more or less out of alignment with the shaft controls the 
amount of light entering the latter, without touching it. Light filters can 
be inserted here without disturbing an experiment. A number of struc- 
tures which cannot be distinguished from their surroundings during the 
use of white light become conspicuous in colored light. For instance, 
frog red-cell nuclei and the brush-border lining of frog kidney tubules 
stand out well in some types of green light. The end of a rod which re- 

^"Knisely, M. H. A method of illuminating living structures for microscopic study. 

JRec., 64: 499-523, 1936, 

These fused quartz rods can be purchased from Amersil Co., Hillside, N. J., or 
from Thermal Syndicate, Ltd., Brooklyn, N, Y., or at Wallsend-on-Tyne, their English 
office. , 
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ceives light or sends it across joints should be a clean break, prepared by 
nicking with a file and snapping it off (jnst as one cuts a glass tube) . 
This end should be left without grinding or fire polishing. 



Fig. 2. One form of light delivery tip. Two rays of light are shown. Note that they 
leave tip at different angles. Light from tip is diffused, not focused. Bracket (c) marks 
position of a “concentrating segment.” 

The concentrating segment is prepared by drawing out the end of 
the quartz rod (Fig. 2) . The shape of the “draw” determines the effi- 
ciency of this portion to concentrate light. The draw should not be a 
conical taper, but should start as a sudden, quick taper and then trail 
into a long, gradually naiTowing shank. (For more detailed discussion, 
see Knisely.^^) For very intense illumination a lamp segment of large 
diameter can be used with a concentrating segment directing light into 
a narrower shaft. 

Delivery tips can be made in various shapes. A tip having a shank 
3 to 5 cm. long and 1 to 3 mm. in diameter with a single bend at the 
end (Fig. 2) is serviceable for many purposes. After laparotomy such a 
tip can be slipped under a loop of intestine, the edge of the liver, or a 
frog’s lung or mesonephros. By inserting the tip in the mouth of a 
frog placed ventral side down and removing the skin and dorsal bones 
of the skull one can study the more superficial parts of the transillu- 
minated brain. Such a tip can also be supported above an organ to 
give reflected light, or the light can be directed across a specimen at 
various angles. Terminal bars between cells sometimes stand out very 
clearly in “low incident light.” 

The capacity of the tissue to scatter light limits the depths to which 
one can resolve structures in the transilluminated parts of organs. Struc- 
tures can be revealed farther below the surface of spleen and liver than 
that of smooth muscle, and farther into relaxed than contracted smooth 
muscle. Low-power binocular dissecting microscopes can be focused quite 
deeply. With the compound microscope observations must be nearer the 
y^^Knisely, M. H. Anat. Rec,, 64: 499, 1936. 
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surface. Structures the size of liver sinusoids, kidney glomeruli and 
proximal convoluted tubules of frogs, including their brush-order lin- 
ings, can be studied with initial magnifications up to X40 (using a 
Zeiss “d” long focus X40 water-immersion objective). Higher initial 
magnifications greatly restrict the working distance so that observations 
are limited to structures close to the surface. The light coming from a 
delivery tip is diffuse, not focused like that from a sub-stage condenser, 
which limits the effective resolution of higher powered objectives. 

The light-emitting surface of a delivery tip can be either fire-polished 
or ground, like a ground glass surface. The smoothed edges of the former 
minimize injury to delicate structures. For most work, however, the 
ground glass type (Fig. 2) is preferable since it acts almost like a pri- 
mary light source. Such a surface can be made by grinding a tip on a 
motor-driven oil stone or on a glass-blower’s steel grinding disc, coated 
with a small amount of wetted No. 600 carborundum powder. If the 
grinding disc is used, the quartz tip should be held very lightly against 
the disc, for it grinds rapidly. 

Only a part of the light sent into the base of a rod reaches the speci- 
men. How large a fraction is lost depends upon the shape of the rod 
and the cleanliness of its surface. Some light is lost at curves, bends, con- 
centrating segments and joints, at surface wrinkles and at soiled spots, 
particularly finger pi ints. Hence, no more bends and joints are used than 
are necessary, wrinkles are kept at a minimum by careful glass-blowing 
and the rods are kept clean by frequent scouring with soap and scouring 
powder, rinsing thoroughly in a stream of distilled water and drying with 
a lint-free cloth. By selecting adecjuate light sources enough light can be 
sent into the base of a rod so that, regardless of the losses, more than 
enough leaves the delivery tip for most purposes. 

IV, Light Source 

Lamj^s manufactured for home motion-picture projection, “T 10" 
medium prefocused base, are excellent sources of intense white light. 
The “T 10” is a trade term which indicates a cylindrical bulb 
inches in diameter. “T 10” bulbs with 200, 400 or 500 watt tungsten 
filaments can be purchased. According to Coblentz,^^ tungsten filaments 
in glass bulbs emit very little ultraviolet light beyond 320/x/x. (Campbell 

10” medium prefocused base bulbs can be purchased from General Electric 
Co., Chicago, or Westinghouse Electric Supply Co., Chicago. Medium prefocused base 
sockets can be obtained from Bryant Electric Co., Chicago. 

Coblentz, W. W. Sources of radiation and their physical characteristics. J.\A. Af. /!., 
95: 411.415. 
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and HilP'"' found that ultraviolet light from carbon arcs placed 60 cm. 
from tissue produces pathological dilatation and stasis in capillaries.) 
These lamps while incandescent are cooled by enclosing in 5 in. stove 



Fig. 3. Path of two rays of light from one end of filament (f) as they pass through 
glass bulb (b) into fused quartz rod (q) . 

pipe 24 in. high, through which air passes. A 200 watt lamp can cool 
itself by convection if the pipe is mounted so that air enters freely at 
the bottom. More powerful lamps should have air driven past them by 
an electric fan. (See the legend of Fig. 1 for methods of keeping the 
vibrations of the fan and of the air from reaching the rest of the ap- 
paratus.) These lamps use the standard 115 volt current. However, the 
life of a lamp can be considerably prolonged by operating it at a little 
below its rated voltage. For most purposes, 400 watt lamps are preferable. 

The base of the quartz rod is placed against the bulb, directly oppo- 
site the filament (Fig. 3) which forms a pattern about 1 cm. square. Pre- 
focused base bulbs and sockets are used in order to maintain the plane 
of the fdament approximately perpendicular to the long axis of the rod. 
A light ray which falls on the base of the rod is refracted toward its axis. 
Thus rays within the rod strike its inside surface at an angle greater 
than the critical angle of fused quartz in air, and so are reflected back 
into the rod again. The advantage of the slender “T 10” bulb is that 
the base of the rod is but b/q of an inch from the filament and conse- 
quently collects light of high intensity. 

V. Temperature Control 

In order to control the temperature of illuminated living structures 
the three methods by which heat may be transferred to or from an ob- 

^'■’ Campbell, A., and Hill, L, The effects of light upon leucocytes and blood-vessels 
in the mesentery of the living animal. Brit. /. Exp. Path., 5: 317-327, 1924. 
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ject, i.e., conduction, convection and radiation, must be taken into con- 
sideration. 

Owing to the low thermal conductivity of fused cjuartz a rod does not 
conduct heat to or from a tissue rapidly enough to affect its tempera- 
ture appreciably. Using rods 30 to 75 cm. long or longer places the hot 
light source far enough away from the specimen so that convected or 
radiated heat does not reach it. 

But it is impossible to illuminate a non-transparent structure without 
at the same time heating it. The color of an object, even a translucent 
object, as seen by either transmitted or reflected light is due to the wave- 
lengths which reach the eye after part of the incident light is “absorbed” 
by that object, that is, transformed into heat. Filters as commonly used 
between light source and illuminated object can shelter a specimen from 
direct heat radiation, and reduce the intensity of some of the incident 
wave-lengths, but they do not alter the fact that a part of the light 
which passes them is transformed into heat by the specimen. 

In continuously illuminating a living object, heat is concomitantly 
applied to it at a constant rate. If the object is small, thin and very 
nearly transparent, and if its illumination is relatively dim, this continu- 
ously produced heat may be transferred to adjacent objects so rapidly 
that the temperature of the object never rises enough to interfere with 
its normal functioning. However, in illuminating relatively thick, trans- 
lucent structures brightly enough for study with a microscope, heat is 
developed faster than it can be removed without assistance. To remove 
this heat a flowing solution at constant temperature is applied to the 
tissue by two glass tubes (g and g in Fig. 1) . On account of the high 
“specific heat” of water the flowing solution can absorb the heat as fast 
as it is produced with but little change in its own temperature. One of 
the glass tubes is fastened to the fused cjuartz rod by means of small 
bands cut from rubber tubing. This tube is adjusted to direct its flow 
across the surface of the delivery tij) (Fig. 4) between it and the tissue. 
Idle fluid from the other glass tube is directed over the remainder of the 
ex])osed surface of the organ being studied, or across the surfaces of 
other ex])osed structures. A centimeter or two of very fine rubber tubing 
(i mm. outside, 0.5 mm. inside diameteri'^) may be slipped part way 

‘"’rhe use of a recently developed type of fused quartz rod, which delivers the 
Ringer’s solution through its own hollow tip, eliminates the necessity for the accom- 
panying glass tube so that a smaller incision can be used, and insures the delivery of 
the solution to the area illuminated. .Such rods can be obtained from James Ciraham, 
University of Pennsylvania Medical School, Philadelphia, Pa. A description of them will 
be submitted for pul)lication to the /tecord, probably in 1937. 

^" 'Phis slender tui)ing is obtained from the Miller Rubber C-o., Akron, Oliio. 
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onto the ends of these tubes, making soft tips to prevent injury of deli- 
cate structures. 

The fluid delivered to a tissue should be isothermal and isotonic with 



Fig. 4. O, Orifice ol: glass tube ((;) , fastened to rod (q) by small rubber band 
(r) , Tube can be any shape as long as Ringer’s solution is directed across end of 
delivery tip. 

the fluid which normally bathes it. Thus, if the tip of the rod is placed 
in a frog’s mouth, the accompanying tube supplies water at room tem- 
perature. If the rod is inserted in a frog’s body cavity, amphibian 
Ringer’s solution at room temperature is used. For mammals it is im- 
perative that the temperature of the mammalian Ringer’s solution where 
it comes in contact with the tissue be maintained at that normal for the 
organ being studied. The following factors assist in doing so: (i) The 
use of a large constant temperature chamber to hold a 5 gallon bottle 
of the Ringer’s solution. The chamber should be supplied with (a) a 
good thermoregulator, operating a relay^'* which controls the electric 
heating elements, as the large current in the latter circuit would injure 
the thermoregulator; (b) a fan (hung from the toj) of the chamber by 
straps of sponge rubber to isolate its vibrations) to circulate the air in 
the chamber; (c) electric heating elements having a high heat-producing 
ability and a low heat storage capacity,2^V so that the temperature of the 

^®TIie vapor pressure type thermoregulator No. 500A, from The Chicago Surgical 
and Electrical Company, Chicago, is suitable for this purpose. It can be adjusted to 
maintain any temperature from 32° to 42 ®c., with a variation of not more than Tfeo.r/. 

Small rugged relays are made by Ward Leonard Electric Co., Mount Vernon, N. Y. 
I use their “single pole, single throw, double break, normally open” 60 cycle, 6 amp., 
106-212 volt type. 

“‘IThe Chicago Surgical and Electrical Company makes a new type of woven wire 
heating element especially for constant temperature chambers. 
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air in the chamber will react instantly to the turning on or off of the 
current. Several small heating elements distributed around the chamber, 
each slightly heating its area, keep the temperature of the chamber more 
uniform than a single large heating element; and (d) sheet asbestos 
shields between the heating elements and the stock bottle so that direct 
heat radiations will not raise the temperature of the solution above that 
of the surrounding air. The shields should not touch either the heating 
elements or the bottle, and air should circulate freely about them. (2) 
The stock of warm solution should be large so that its temperature 
will change but imperceptibly during the slight (not more than ±o.5°c.) 
rapid (at least once each two or three seconds) fluctuations in the tem- 
perature of the air in the chamber. (3) The warmed solution should be 
put in the constant temperature chamber early enough so that its tem- 
perature may come into equilibrium with that of the air in the chamber. 
(4) Because the temperature of the solution drops as it passes down the 
tubes leading from the bottle, that of the chamber must be one or two 
degrees higher than that of the organ studied. To reduce this drop the 
tubes should be short and well insulated. 

It is essential that the rate at which the wash solutions leave the 
glass tubes be carefully controlled, for if the flow is too slow the heat 
developed at the tip of the illuminator is not carried away as fast as it 
is produced. If the flow is too rapid the beating of the wash solution 
against the tissue frequently initiates a hyperemia. 

When working with a water-immersion lens it is usually advantageous 
to place the upper glass tube tip against the side of the field lens of the 
objective and let the fluid flow gently down across it over the tissue. The 
force of the stream is thus spent against the objective rather than against 
the specimen. The film of solution which is maintained between lens 
and tissue acts as the immersion fluid. 

The bodies of mammals are kept warm by blanketing with dry non- 
absorbent cotton. Wicks of absorbent cotton conduct the used wash 
solution into the drip tray, so preventing it from wetting the cotton 
blanketing. 

Amphibian Ringer’s solution in contact with an amphibian’s skin 
affects its water balance which in turn affects some circulatory processes. 
To prevent this a gentle flood of plain water may be directed against 
the outside of the animal in order to dilute the Ringer’s solution as it 
drains from the site of an incision. 


THE MICROINCINERATION METHOD OF DEMONSTRAT- 
ING MINERAL ELEMENTS IN TISSUES 

Gordon H. Scott 

! 

General considerations 643. Microincineration method for demonstrating locali- 
zation of total minerals 646. Quantitative measurement of mineral residue of 
tissue sections 661. 

I. General Considerations 

It is quite natural to expect that any experimental procedure ap- 
plied to living tissue will alter conditions existing in the normal animal. 

Vital dyes, innocuous as they seem to be, are not a constituent of the 
normal cell and their very presence renders their host a thing odd among 
its fellows. Of these, delicate changes brought about within its cells the 
whole organism may not be aware. No expression of unbalance may 
reach the surface in such magnitude that man can observe and record 
it with the instruments at his disposal. That such is the state of affairs 
makes the task of the histochemist a difficult one. He must make the at- 
tempt to explain cellular phenomena on the basis of methods which 
are wholly unsuited to the maintenance of cellular integrity. He should J 

keep constantly in mind the fact that histochemical techniques are 
of themselves difficult. They must reveal beyond doubt the sub- 
stance in question. Furthermore, the element sought must remain in 
the same topographic relationship that obtained in the living tissue; 
otherwise nothing more is accomplished than is possible with ordinary 
biochemical analyses. Even if the substance is altered in its intracellular 
topography, little has been gained. The extremely minute quantities of 
elements present in a section of tissue prepared for study serve further to 
harass the experimenter. Ordinary microchemistry is by comparison the 
dealing with gross quantities of material. It is safe to say that the cal- i 

cium, for example, present in a section of tissue thin enough to permit 
cytological study transferred into the test tube, freed from all the organic 
and inorganic “contaminents” normal to body tissues, would still tax the 
ingenuity of a skilled chemist. Then, too, one must rely on color differ- 
entials or crystal shape for diagnosis. Frequently, a tinctorial reaction 
may be sufficiently intense for macroscopic obsei'vation yet utterly useless 
for a histochemical test, because of lack of character when reduced in 
quantity and viewed with a bright source of light, conditions necessarily I 

imposed by the nature of the study. : 
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The techniques commonly employed for the demonstration of in- 
organic salts and metals in cells and tissues are of all histochemical tests 
the most capricious since they frequently involve the use of strong acids 
which dissolve the minerals and of bases whicli may deposit or precipitate 
them in quite different localities than those in which they existed in 
the living cell. Many of the solutions used to treat fresh tissue or frozen 
sections are strongly hypertonic and would therefore have every tend- 
ency to encourage the diffusion of ions through nuclear and cell mem- 
branes. Subsequently such ions might come to rest in any region other 
than the one originally occupied by them. Another no less important 
consideration involved in histochemical procedures, and pointed out by 
Policardd is the adsorption of reagents by the complex colloidal surfaces 
present in protoplasm. For example, many histochemical reactions de- 
pend upon a succession of treatments with reagents which produce the 
final characteristic color or crystal shape. If previously used chemicals 
are not thoroughly removed from the cells by washing, the reaction may 
take place diffusely throughout the tissue. In such a colloidal system as 
protoplasm, electrolytes cling tenaciously despite many washings and 
must of necessity be considered as being present and vitiating to some 
extent the subsecpient reaction. Any method which is free from these ob- 
jections is of considerable value in the localization of tissue salts. 

Much has been written about the delicacy, the specificity and general 
neatness and dispatch with whicli a histochemical reaction reveals a 
sought-for salt. Little time has been devoted, however, to a discussion 
of the changes in salt localization by diffusion which must inevitably 
occur when tissues are subject to the ordinary fixation process. Even the 
coagulation of tissues does not insure against this happening. Perhaps 
the coagulated proteins with their inorganic radicals are truly fixed but 
it is unlikely that the free salts are rendered immobile. 

It would seem then that with our present technical methods of han- 
dling tissues we are indeed far from arriving at truths in cell chemistry. 
We have techniques which are free from some of the objectionable fea- 
tures, yet in the main these do not give us the information which we so 
keenly desire. It seems best to say that with a goodly number of our 
procedures the best that can be adduced from the pictures they yield 
is that in sets of experimental tissues a definite configuration is pro- 
duced, but one which can, by no stretch of the imagination, be consid- 
ered as that obtaining in the living. It is most unfortunate that such is 

^ Policard, A. Harvey Lectures, 1931-1932. Balt., Williams and Wilkins, Ser. 27, 1933, 
4). 204. , ■ ■ 




Fig. i. Scott and Williams’ cryostat showing vacuum chamber open and tissue con- 
tainer exposed. A, Metal vacuum chamber, b. Tapered joint vacuum seal, c, Connection 
to vacuum pump, n, Steel supporting tube connecting alcohol chamber with mercury 
regulator, e. Copper-walled tissue chamber, f, Alcohol expansion chamber connecting 
outside vacuum system with mercui'y regulator through d. g, Heating coil around 
alcohol chamber. 
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the case but we must be content until methods of tissue handling are 
devised which will meet both theoretical and practical objections. 

The following exposition of methods is confined to those which in 
the author’s opinion are the best extant. They are presented with all the 
points just brought out in mind, and with the realization that with few 
exceptions they fall short of the goal histochemistry should set for itself. 

II. Microincineration Method for Demonstrating Localization of 
Total Minerals in Cells and Tissues 

I. Fixation of Tissue for Microincineration. It is essential that 
a fixative be selected which neither adds minerals to the tissues nor re- 
moves them. Fixatives containing chromium or mercury salts are to be 
avoided as are those which contain strong acids. Absolute alcohol is 
naturally the fixative of choice because very few of the inorganic con- 
stituents common to protoplasm are soluble to any extent in this fluid. 
But absolute alcohol is a notoriously poor fixative since it causes extreme 
shrinkage of tissues and loss of structural detail. Theoretically, formalde- 
hyde possesses certain properties which are inimical to the method; but, 
practically, little difference can be seen in the mineral content of tissues 
fixed in an alcohol-formalin mixture and those fixed in absolute alcohol 
alone. Neither copper sulphate nor calcium chloride can be used to dry 
the alcohol used for fixation. Though these substances settle in the bot- 
tom of the container, the supernatant fluid has in it a large number 
of extremely minute particles of the chemicals, as evaporating a drop of 
it on a clean slide and subsequently examining it with dark-field illu- 
mination will readily prove. 

The possibility of salts passing from the tissues into the fixative must 
be considered. Policard and Okkels- found that emulsions of dried meat 
powder lost 10 to 14 per cent of their total mineral content when treated 
with solutions of alcohol, toluene, or amylic alcohol. The conditions 
governing these experiments make their interpretation in terms of actual 
practice difficult. The emulsions were made from desiccated meat powder 
and water spread upon glass slides, dried, and then extracted with the 
solvents selected. Naturally, salts of the dried and broken-up muscle cells 
are left in their most readily soluble form instead of being in an environ- 
ment of precipitated proteins reinforced by coagulated cell membranes 
which renders them difficult of solution. 

The experiments of Scheid^ on microincineration of brain tissue indi- 

- Policard, A., and Okkels, H. Anat Rec., 44,: $4^, 1930. 

* Scheid, K. V. Virchows Arch., 277: 673, 1930. 
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cate that extraction of phospholipoids before ashing is a necessary step 
in the procedure. He points out that the possibility of loss of inorganic 
salts by treatment with the extractives always exists but that in all proba- 
bility it is not as great as HenkeH supposes. Considerable experience 
with incineration of nervous tissue (brain, spinal cord and the attached 
ganglia) has demonstrated that the extraction process is not required. 
Excellent cytologic pictui'es have been obtained with alcohol-formalin 
fixation. It is, however, essential to have thin sections, 3-5 microns, to 
secure good results. As indicated by ScheicP sections which are 10-15 
microns in thickness incinerate slowly and imperfectly if the phospho- 
lipoids are not previously extracted. 

The Altmann method of freezing with liquid air and of subsequent 
drying in vacuo, recently developed at the University of Chicago by 
Gersh,^ Bensley,^ and Hoerr,'^ has proved to be valuable in the prepara- 
tion of tissues for microincineration. In contrast to other fixatives, coagu- 
lating agents are avoided, yet the sections secured show many cytologic 
details and are suitable for various microchemical reactions. It seems, 
however, that there is some denaturation of proteins following freezing 
and thawing of tissue juices (Finn^) and probably also under the con- 
ditions imposed by Gersh’s method. Furthermore, this author’s statement 
that the salts of the tissues, which are of primary interest in microincin- 
eration, are not altered can be questioned on the grounds of experience 
with behavior of solutions of salts at low temperatures. The temperature 
of liquid air is of course sufficiently low to maintain equilibrium in the 
frozen system, but the apparently arbitrarily chosen temperature of 
— so°c., which is kept constant during dehydration, is above the eutectic 
point (— 2i.2°c.) of even such a universally distributed substance as 
sodium chloride. What probably happens, then, during the process of 
fixation as detailed by Gersh, is that the freezing by liquid air produces 
a solid mass of ice crystals and crystals of salts, inorganic and organic 
(for example, protein salts of metals) , in equilibrium; as this mass is 
warmed above the eutectic point the established equilibrium is disturbed 
and there occurs a partial dissolution of ice crystals and crystals of salts 
with a practical likelihood of subsequent diffusion and shift in the lo- 
cation of the ions as dehydration takes place. A lower temperature 
(below -~54.9°G., the eutectic point of CaCl2 .6 HoO) would satisfy this 
objection but inakes the method unwieldy as the time required for de- 

^ Henkel, K. O. Handb. d. bioL Arbeits-Methoden (Abderhalden) , 5: 1471, 1929. 

® Gersh, 1 . 53: 309,1932. 

® Bensley, R. R. Anat. Rec., 58: 1, 1933. 

Hoerr, N. L. Anat. Rec., 65: 293, 1936. 

®Finn, D. B. Proc. Roy. Soc., s. b, ni: 396, 1932. 




^ Fig. 2. Cryostat with vacuum chamber closed and arranged as for operation, a 
Mercury regulator, a. Rheostat for regulating heat input to coil, c, Ammeter for heat’ 
regu anon control, d, Syphon tube for adjusting thermostat, e, Switch for heating coil 
r, Capillary tube of mercury regulator. 
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hydration is enormously lengthened due to the very low vapor pressure 
of ice at this temperature. 

Experiments in this laboratory show the distribution of inorganic 
salts in incinerated tissues, prepared as described by Gersh except that 
the temperature of dehydration was at —28^0., — and —78.5 °c., 
respectively, to be markedly different from similar tissues dehydrated at 
— 20°c., as originally advocated. These preliminary experiments seem to 
indicate that the objection to dehydration at -"20°c. is more than a 
theoretical one and that despite the technical difficulties involved, it is a 
step in the right direction. Lower temperatures as suggested by Scott^ 
have been adopted by most of the workers employing the frozen dehy- 
dration method (Goodspeed and Uber,^<^ Bensley and Hoerr,^^ Hoerr,!'-^ 
Gersh^’^) . But it is well to remember, in this connection, the investiga- 
tions of Chambers and Hale^'^ on the formation of ice in protoplasm. 
According to these authors, there is a different rate of freezing in living 
tissues and the cell membrane acts as a barrier to ice formation. It would 
seem probable that even sudden cooling with liquid air might not estab- 
lish an instantaneous equilibrium throughout the tissue. Their experi- 
ments indicate a lag of io°c. between the freezing of the exterior and 
the interior of muscle fibers. Plant cells exhibit a similar phenomenon. 
It is to be noted that Chambers and Hale mention as one of the factors 
which tends to prevent the freezing of the interior of the living cell, de- 
hydration which increases the total and balanced salt concentration of 
the interior. It is doubtful if the immersion of tissue in liquid air, despite 
its low temperature, results in as sudden freezing as might be supposed 
since the protective layer of gas instantly formed around the warmer 
substance tends to inhibit the escape of heat. Slices of organs plunged 
into absolute alcohol, cooled to its freezing point, harden more rapidly 
than do similar tissues in liquid air. This method of freezing of tissues 
has been found to achieve good results. The penetration of alcohol into 
the tissue is prevented by a protective layer of ice and the cooling sub- 
stance evaporates very soon after the reduction of pressure in the vacuum 
system. Better yet is the use of iso-pentane (practical) as recommended 
by Hoerri^> since it does not freeze at liquid air temperature, thus giving 
a more rapid freezing rate than alcohol, 

*^Scott, Ci. H. Protoplasma, 20: 133, 1933- 
Cioodspeecl, T. H., and Ul)er, Proc. Nat, Acad Sc,, 20: 495, 1931. 

Bcnsley, R. R,, and Hoerr, N. L. Anal, Rec./do: 251, 1934. 

Hoerr, N. L. Anat. Rec,, 1936. In press, 

Ciersh, I. J. Pharm. cir Exp. Ther., 52: 231, 1934. 

^•‘ Chambers, R,, and Hale, H, Proc, Roy. Sac., s. b, 110: 336, 1932. 

Hoerr,' N.X. Anat. Rec. 
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Since for many reasons the apparatus described by Gersh^^" was im- 
practical for use in problems dealing with mineral salts a cryostat more 
simple in operation, yet which permitted a greater latitude of tem- 
perature control, was devised by Scott and Williamsd'^ It seemed highly 
desirable to have an instrument which would be easy to operate, made 
of metal and susceptible to wide control of temperature range. The ap- 
paratus is shown in Figures 1 and 2. 

It consists of a vacuum-tight metal cylinder (Fig. 1, a) of suitable dimensions 
which is fitted with a tapered joint top (Fig. 1, b) and is connected by rubber 
pressure tubing (Fig. 1, c) to a Cenco Hyvac pump. The top supports, by a long 
steel tube (Fig. 1, d), a tissue chamber (Fig. 1, e) of heavy walled copper pipe. 
The upper quarter of the tissue chamber is sealed off from the bottom and 
forms a container (Fig. 1, f) which is filled with alcohol. This alcohol chamber 
is continuous with the supporting tube and connects with a mercury regulator 
(Fig. 2, a) outside the vacuum system. Wound about the alcohol chamber, in 
grooves cut in the copper, is a length of fine resistance ware (a heating coil) Fig. 
1, g) which is connected in a simple circuit with a rheostat (Fig. 2, b), milliam- 
meter (Fig. 2, c) and the mercury regulator (Fig. 2, a). The bottom third of the 
vacuum-tight metal container and its enclosed tissue chamber is immersed in a 
3 gallon Dewar flask containing a bath of normal butyl-alcohol and solid CO2. 
Under most conditions the temperature of the bath is in the region of --yS^c. 

The principles of operation of the device are as follows: If the cur- 
rent in the heating coil were permanently left off, the copper cylinder 
containing the tissue would reach an equilibrium temperature such that 
the heat conducted down the steel support tube to the cylinder just 
equalled that lost through radiation and conduction through residual 
gas to the cold (— yS^c.) wall of the casing. On the other hand if the 
current to the heating coil were left on indefinitely another equilibrium 
would be reached, of value depending on the foregoing factors plus the 
power dissipated in the coil; in our present outfit it is around o°c. Thus, 
if the mercury regulator (activated by the expansion and contraction of 
the alcohol in the chamber) around which is the heating coil, is so ar- 
ranged that the heating current is on at all cylinder temperatures below 
an assigned one within the o'" to — yo^c. range, and off at all higher ones, 
the effect will obviously be to hold the tissue-chamber temperature con- 
stant within limits set by the sensitivity and thermal lag of the thermo- 
stat. By the simple process of adding or removing mercury from the 
thermostat any desired temperature of dehydration may be had within 
the limits of 0° to —yo^c. Small adjustments are made with a syphon 

Gersh, 1. A nat- Krc., 53: 309, 1932, 

Scott, Ck H„ and Williams, P. S, AnaL Rec.y 66, 
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tube (Fig. 2, d) set in the alcohol system attached to the mercury 
regulator. 

Fortunately, the apparatus is so arranged that it can be operated by 
a person inexperienced in the handling of physical equipment. Its sole 
requirements for consistent operation over a long period of time is that 
solid CO2 be available and that the tapered joint be made vacuum tight 
with stopcock grease. Other operation is reduced to the manipulation of 
the stopcocks and of two electric switches (Fig. 2, e and g) . Naturally, 
it is adaptable to any sort of low-temperature dehydration procedure. 

The method of dehydrating tissues at — 32.5°c. practiced routinely 
in this laboratory is as follows: 

(1) Seventy-five to 100 c.c. of iso-pentane (practical) is placed in a pyrex 
tube and lowered into a liquid-air container. When, after frequent stirrings of 
the iso-pentane, the liquid air ceases to boil vigorously it may be assumed that a 
temperature equilibrium has been reached (about — igo°c.). 

(2) Tissues are removed from the animal (under anesthesia) and plunged 
directly into the cold iso-pentane. Within a few seconds they are completely 
frozen and are ready for placement in the tissue container of the cryostat. 

(3) Tissues are removed from the iso-pentane and hurriedly dried with a 
towel and placed in the cryostat which has been allowed to cool to — 7o°c. previ- 
ously. Speed in handling tissues at this step is important. Under no circumstances 
should the tissues be allowed to melt or even warm appreciably. 

(4) The switch (Fig. 2, e ) controlling the heating element of the cryostat is 
turned on for a few minutes at a time and over a period of thirty minutes the 
temperature of the tissue container raised to — 32.5 °g. This temperature is attained 
when the mercury of the regulator has reached its proper location (Fig. 2, f ) in 
the thermostat. 

(5) The vacuum pump is started (Fig. 2, g ) and the heating element vSwitch 
(Fig. 2, e) set at the “on” position. 

(6) Tissues remain in the cryostat for the period of time necessary to de- 
hydrate them thoroughly. The time factor is one which must be determined by 
experiment as some tissues take longer to dehydrate than others. Seventy-two 
hours generally suffice. 

(7) The vacuum is broken and the tissues removed and plunged immediately 
into a bath of melted paraffin. Slight vacuum is applied until the tissues sink 
into the paraffin. It can be assumed that they are thoroughly infiltrated when 
this happens. 

(8) The tissue blocks are then imbedded and prepared for cutting in the 
routine fashion. 

(9) Sections are placed on clean, dust-free slides and pressed down with the 
ball of the thumb. No fixative is necessary to make them adhere to the slide. 

(10) Incinerations are then preformed in the routine manner. 

2. Preparation and Incineration of Tissues. The initial pro- 
cedure recommended by Policard involved the use of free-hand sections 
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of unfixed tissue or paraffin sections. Later the advantages of using frozen 
sections were pointed out (Policard and Okkels^^) and Schultz-Brauns^'* 
developed a satisfactory and ingenious technique for obtaining relatively 
thin ones of unfixed tissue. These sections are particularly suitable for 
incineration, but are too thick for use in cytological studies, especially 
with the incineration method. Since the supporting tissue is ignited, the 
skeletal residue of the cell is fragile. Thick sections of tissue collapse 
when incinerated and a false impression is given of the amount of ash 
present as the remains of perhaps ten cells may occupy the space of one. 
This renders the interpretation of even gross histologic findings difficult. 

Then, too, the use of the cold knife as advocated in Schultz-Brauns’ 
method is conducive to the collecting of moisture from the air on the 
tissue section. This at first thought might seem to be a purely theoretical 
objection, but when one stops to consider that even the smallest droplet 
of condensed moisture will cover many cells and, by increasing their 
water content, bring about a diffusion of salts of some magnitude, it 
becomes a technical error within the realm of observation. But this ob- 
jection is a small one when one remembers that sections so prepared 
must be dried at room temperatures or over a Bunsen burner before they 
are incinerated. Such a procedure, even with fixed tissues, is capable of 
introducing error which cannot be overlooked (Scott^^^) . 

The most satisfactory cytologic details are obtained by using paraffin 
sections. Thin pieces of tissue are fixed for twenty-four hours in a mix- 
ture of 9 parts of absolute alcohol and i part of neutral formalin. Dehy- 
dration is completed by several changes of absolute alcohol and the tissue 
is passed into xylol. 

After the tissue has been completely cleared, it is imbedded in par- 
affin in the usual way. Sections from 3 to 5/x, in thickness are cut and 
mounted on ordinary glass slides of good quality. No fixative is required 
to make them adhere to the glass. Water is to be altogether avoided; 
not because it will dissolve salts from a slice of tissue which has been in- 
filtrated with paraffin, but for the reason that small droplets of it often 
remain beneath the section and later when the paraffin is melted these 
enter the tissue and cause a disarrangement of the soluble mineral salts. 
In place of water a small drop of absolute alcohol or liquid petrolatum 
may be used to bring about flattening (Policard and Okkels^i) , although 
in most cases nothing is required if the sections are handled carefully. 

It is necessary tliroughout the procedure to avoid contamination with 

Policard, A,, and Okkels. H. 44: 349, 1930. 

^^^Schllllz-Brauns, C). 48: 161, 1931. 

-^Scott, G. H. Fror. S’oc. £xper.ABio/. cJf Med., 32: 1428, 1935, 

Policard, A., and Okkels, ¥i. Anat. Rec., 44: 349, 1930. 
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dust. This means that the paraffin must be absolutely clean, the xylol 
carefully filtered, the slides washed in distilled water several times, par- 
tially dried with alcohol and wiped with a dust-free cloth. Slides thus 



Fig. 3. SnialJ quartz tul)e electric furnace for incineration. 


prepared should be stored in some sort of container which does not 
admit dust. After the paraffin sections are mounted on the slide the neces- 
sity for guarding against dust contamination is doubly important. 

It is usually helpful to make serial sections. Alternate ones are 
mounted for incineration and the remaining sections fixed to slides with 
egg albumin and colored with any of the usual histologic stains. These 
latter serve as controls and permit the exact localization of any portion 
of the tissue when compared with the incinerated preparations. The sec- 
tions for incineration, if mounted with absolute alcohol are allowed to 
dry, and if mounted with liquid petrolatum are drained, and then placed 
in a special quartz tube oven (see Fig. 3) similar to that described by 
Policard and Okkels.^**^ Policard recommends burning for about fifteen 
minutes, the final temperature being from 500^ to 6oo°c. Better results 
have been obtained by lengthening the incineration to thirty-five min- 
utes; ten minutes of this time being taken in raising the temperature 
the first 200 degrees. The balance of the time (twenty-five minutes) is 
used in attaining the final temperature of about 650°c. This arbitrary 
period set for incineration should be varied to meet, the demands of dif- 
ferent tissues since some ash cjuite readily while others can be completely 
ignited only with the greatest difficulty. Special attention should be given 
to the first rise in temperature of 100°. Most of the shrinkage in ordi- 
nary tissues, particularly those containing many elastic and collagenic 
fibers, takes place between 60° and yo^c. If this range in temperature 


op. cit. 
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is passed through hurriedly, shrinkage is great for all cells, but if taken 
slowly it is confined largely to the connective-tissue elements. Policard 
and Ravault^’^^ have studied this phenomenon and have succeeded in de- 
vising a method whereby it can be largely avoided. After fixation the 
tissues are })laced in absolute alcohol which is brought slowly to the boil- 
ing point. This produces practically all the shrinkage which will occur 
while the tissue is en bloc. The method is especially valuable in the 
examination of tissues such as blood vessels which are extremely rich 
in elastic and fibrous tissue. Because of the danger of dissolving salts in 
considerable quantity boiling of tissue is not advisable when the observer 
is interested in individual cells. 

Convection currents in the air set up by heating the quartz tube are 
quite sufficient to provide ample oxygen for the ignition and yet, under 
ordinary circumstances, are not great enough to disturb the ash residue. 
Schultz-Brauns^^ recommended the passage of a stream of nitrogen 
through the tube, while Tschopp^^"" has made a similar use of oxygen. 
These methods work very well and in general permit the use of lower 
temperatures for incineration, thereby causing the retention of a greater 
proportion of chlorides in the ash. Policard mentions that sections in- 
cinerated in nitrogen, along with a small percentage of oxygen, show less 
tendency toward the formation of resistant tarry products and conse- 
quently oxidize more completely. 

In cases where relatively large numbers of slides are to be incinerated 
the ordinary muffle furnaces are satisfactory to a certain degree. Care 
must be taken to cover the preparations to protect them from extraneous 
substances from the furnace walls and roof. 

In our laboratory a special quartz tube furnace (see Fig. 4) has been 
devised which permits exact control throughout the incineration. 

The apparatus consists of a 24 inch quartz tube (Fig. 4, a) wound with three 
separate 600 watt heating elements each of which is controlled by a 44 ohm 3.2 
ampere rheostat. The temperatures and lengths of the heating elements are so 
adjusted that slides being fed through on quartz slabs (Fig. 4, e), moving at a 
predetermined uniform rate of speed, are exposed to the same gradual grada- 
tions of heat experienced in the smaller furnace. The quartz slabs are kept in 
motion by an electric motor (Fig. 4, b) acting through a set of worm gears (Fig. 
4, c) to push them. Long racks (Fig. 4, d,d) extend outward from each end of the 
furnace to provide room for loading and removing the slides from the 8 inch 
quartz carriers. 

Policard, A., and Ravaiilt, P. P. Bull, d' histol. appliq. a la physiol., 4: 170, 1927. 

^ Schultz-Brauns, O. Virchoiv’s Arch., 273; 1, 1929. 

■^^Tschopp, E. W. In: von Mollendorff: Handb. d. rnikrosk. Anal. d. Menschen, i: 

» 929 - 
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With this apparatus the incinerations are absolutely uniform day 
after day. The only possible way to change the incineration is to alter 
the rheostat settings and there is seldom an occasion for doing so. 



Fig. 4. Large quartz tube electric furnace with automatic control of incinerations. 

A, Quartz tube wound with heating elements and covered by asbestos insulation. 

B, Driving motor, c, Speed reduction worm gearing. 0,0, Racks for inserting and re- 
ceiving quartz plates bearing slides. 


The routine process for incinerations with the small cpiartz furnace 
(Fig. 3) is as follows: 


(1) First ten minutes heat to 2O0°c. 

(2) Five minutes' gradual heating up to 28o°c. 

(3) Five minutes' gradual heating up to 385°c. 

(4) Five minutes' gradual heating up to 48o°c. 

(5) Five minutes’ gradual heating up to 58o°c. 

(6) Three to five minutes’ gradual heating up to 650° c. 

(7) Shut off furnace and allow slides to cool in situ for five to ten minutes. 

(8) Remove slides from furnace and lay coverglass over section as soon as 
slide can be handled with comfort. 

(9) Seal cover glass with wax mixture (see below). 

(10) Examine by dark field. 


After incineration the slides are allowed to cool slowly. A coverslip is 
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placed over die ash and its edges are sealed with one part paraffin, one 
part beeswax and one part resin by weight. The sealed coverglass serves 
as a purely mechanical protection permitting the use of oil-immersion 
objectives, excluding dust and preventing excessive absorption of mois- 
ture and efflorescence of the ash. Breathing, even lightly, upon the prep- 
aration is to be avoided as it causes a disarray of the ash residue. 

It has been suggested that the ash be mounted in Canada balsam. In 
order that this may be successful, the temperature of incineration must 
be high enough to cause a fusion of the small particles of ash with the 
glass in order that they may not be disarranged by the flow of this 
rather viscous fluid. This technique has been tried many times with but 
mediocre results. The balsam entirely changes the refractile properties 
of ash and, despite great care, in the incineration and in the addition of 
the balsam, there occurs a certain amount of disturbance of the histo- 
logic picture. Perhaps a greater objection is that the sections are no 
longer utilizable for microchemical procedures. A similar disarray of 
the ash occurs when the sections are dipped in collodion, as suggested by 
Policard and Okkels,-^ preliminary to the application of various re- 
agents to determine the nature of the ash. The disturbance of optical 
properties is a serious drawback with this particular technicjue, for a 
section having abundant ash before treatment with collodion frequently 
appears to have lost most of it. Perhaps the ash deposits remain but no 
longer refract light in their characteristic manner. 

3. Methods of Observation. Policard^'^ first suggested oblique il- 
lumination at an angle of approximately 30°. He did so because only a 
very small amount of material is present and most of it is transparent 
so that direct illumination reveals very little in properly incinerated 
preparations. Because of the extremely high temperature of the ash and 
its subsequent slow cooling, a certain amount of water is taken up from 
the air, probably changing the structure of the residue. The tiny mass 
of ash appears to be a fusion of minerals arranged in small hemispheri- 
cal heaps with the flat side next the glass slide. Light striking the flat 
side of the hemispheres is passed through, with varying degrees of cliffr ac- 
tion; while that striking the small masses from an angle is reflected from 
the surface. In PolicarTs more recent publications he advises the use of 
a parabolic mirror fastened to the objective in such a way that the beam 
of reflected light can be directed at will. These methods of illumination 
are quite satisfactory and even desirable for low-power observations, but 
because of the mechanical difficulties which arise, they are not practical 
for use with oil-immersion objectives. The cardioid condenser manufac- 
Polkarcl, A., and Okkels, H, Anat. Rec., 44; 349, 1930. 

^Policard, A. Btdl. Soc, Chim. de France, 33: 1551, 1923. 
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tiired by Zeiss provides an incident source of light which passes through 
the slide and then strikes the object at an acute angle. Strong light which 
comes from below is, for both technical and optical reasons, better 
adapted for high-power objectives. 

It is important to have a proper source of light when the cardioid 
condenser is used. The Zeiss point-o-light lamp is satisfactory when 
conditions are carefully controlled. It requires exact centering of the 
condenser and skillful adjustment of the reflecting mirror. The use of a 
carbon arc lamp in viewing ashed preparations seems to produce an ex- 
cessive amount of longitudinal aberration. The large Spencer illuminator 
fitted with a 500 watt projection type bulb has proved to be a satisfac- 
tory source of light both for ordinary observation and for photography. 
The daylight filter or a ground glass renders observation more restful 
and sometimes more exact, but frequently obscures minute particles of 
ash revealed with the unscreened light. Mercury vapor lamps yield light 
which gives excellent differentiation of individual particles but makes 
the recognition of colors difficult. 

It is useful to have two identical microscopes connected with a com- 
paring ocular. One instrument is provided with an ordinary bright-field 
condenser and the other with a dark-field illuminator. With this ar- 
rangement the control stained preparation can be viewed in the same 
ocular with the incinerated section. This is a necessity when carefully 
controlled comparisons of stained tissues and incinerated preparations 
are being made. It is also helpful when the observer is attempting to 
locate the same structure in both types of sections. After some experi- 
ence is gained in the observation of incinerations the use of two micro- 
scopes is superfluous as most cells and tissues can be readily recognized 
from the appearance of their mineral deposits. 

4. Appearance and Interpretation of Incinerated Sections. A 
section of tissue which has been properly incinerated should show no 
organic material. In the ash should be all of the mineral components, 
with the possible exception of a part of the phosphorus and sulphur, not 
volatilized by heat of 65 o°g. Furthermore, these elements should be in 
the same topographic relationship as in the fixed tissue. Whether or not 
this represents the exact condition in living cells is, of course, open to 
question. There is some evidence that it does; for photographs of living 
cells taken by means of ultraviolet light of wave length 2 7 50 A show 
absorption of these rays by areas which on incineration reveaT large 
deposits of inorganic salts (Scott^®) . In this connection one must take 
into account the possibility of certain substances, perhaps even pre- 
formed organelles of the cell, acting as concentrating surfaces for the 
Scott, G. H. Science, 148, 1932. 
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inorganic salts during the process of fixation. Then, too, the uniform 
distribution of the ash, particularly throughout the cytoplasm, suggests 
that the inorganic salts were dispersed evenly in the living cell, but that 
on fixation many small foci of crystallization came into being. The use 
of ultraviolet photography, giving especial attention to the use of dif- 
ferent wave lengths, along with microincineration, might yield answers 
to some of these questions. A comparison of the pictures obtained from 
living cells by ultraviolet light, polarized light and dark-field illumina- 
tion with similar tissues after incineration, as has been made by Gage, 
Day and Starrett,^"^ may give information as to the chemical structure of 
protoplasm which has hitherto been lacking. 

The recognition of individual elements in incinerated sections is diffi- 
cult, Calcium is present in the form of calcium oxide; magnesium in the 
form of magnesium oxide; iron as ferric oxide and silica as a silico-cal- 
careous compound. Indeed, all the elements common to tissues remain 
if the heat of incineration has not been great enough to volatilize them. 
Some phosphorus is lost by the combination of j^hosphates with the 
silica in the glass slide to produce silicates and phosphorus pentoxide 
which is reduced when heated in the presence of carbon. The problem 
of the optical differentiation of some of these salts is indeed a trying one 
and at present impossible of solution. 

(a) Iron. Fortunately, iron when oxidized possesses a more or less 
intense and individual coloration. This color varies from yellow to deep 
red, and, according to Policard,^^* its depth is conditioned by the amount 
of iron present. He has gone even further in this interpretation of iron 
oxide and stated that perhaps the yellow to brown colored ash is de- 
rived from organically bound iron and that the deep red indicates free 
iron. But in dark-field illumination any carbon remaining in the prepa- 
rations also gives a yellowish to red color so that caution is necessary. 
Carbon appears black with transmitted light. Marza, Marza and Chiosa''*^ 
made a careful comparison by four different methods designed for the 
demonstration of iron and found microincineration to yield excellent 
results. 

When examining sections for iron it is well to be extremely careful 
with the microtome knife. A freshly sharpened blade will give rise to 
profuse deposits of iron throughout the tissue. These artifacts can usu- 
ally be recognized because of their orderly arrangement. After a knife 

Gage, S. H., Day, M. Cj., and Starrett, C. C. Anat. Rec., 55; 4 suppL, 17, 
*VFoHcard, A. Compt. rend. Acad. d. sc., 176: 1187, 1923. 

Marza, V. D., Marza, E,, and C^hiosa, L. Bull, d* hisfol. apptiq. a la physiol., 9: 

>932. 
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has been used for cutting 40 or 50 sections the sniall particles of iron 
left in the tissues are almost negligible. 

(h) Silica. This is another element which can be recognized with 
certainty for it retains its crystalline structure and after heating, when 
viewed wth polarized light, it is doubly refractive. It must be remem- 
bered, however, that silica is in all probability present as a silico-cal- 
careous compound, giving the false impression that the ash contains 
more silica than it actually does. Moreover, when certain of the com- 
pounds present in tissues are fused on a glass surface there is a combina- 
tion of the silica in the slide with the tissue residue. This unfortunate 
but unavoidable condition introduces another complication in the inter- 
pretation of results. 

(c) Calcium. Calcium can be detected with the aid of the simple 
yet fairly sensitive gypsum reaction although Moreau*^^ cautions against 
too literal interpretation of the results secured. To perform this test the 
salt is dissolved in a “microdrop” of tenth-normal hydrochloric acid; 
later a “microdrop” of tenth-normal sulphuric acid is added to cause 
the formation of the typical needle-shaped crystals of calcium sulphate 
(CaS04 .2H0O) (See Ku’s-^^ Fig. 12). The recognition of magnesium in 
the presence of calcium is not feasible unless the tissue is subjected to 
spectrographic analysis (Policard, Morel and Ravault^^) . 

Schultz-Brauns'"^*'’ offers a method for the detection of calcium in ashed 
preparations which is to some degree successful. The incinerated sections 
are carefully immersed in distilled water for two or three minutes and 
then removed and dried. Such treatment is said to remove the more 
soluble salts, potassium, sodium and perhaps others as well, and leave 
the insoluble ones, among these magnesium, manganese, calcium, and 
so on. But calcium oxide is more soluble in water than the oxides of 
other elements found in animal tissues. For this reason, the ashes re- 
maining in situ after the water treatment are probably more complex 
than was at first supposed. Furthermore, in the complex fusion mass, 
resulting from the heating of the elements and their compounds present 
in tissues, there are many possibilities of chemical combinations. 

(d) Sodium and Potassium. Policard and Pillet^^* have suggested a 
method, said by them to be generally useful in the incineration tech- 
nique, whereby sodium and potassium may be retained in tissues. They 
state that sodium and potassium are probably present as chlorides in 

Moreau, P, Bull, d’ hist ol. appliq. a la physiol., 8: 245, 1931. 

D. y. Am. J. Path., g: 23, 1933. 

Policard, A., Morel, A., and Ravault, P. Conipt. rend. Acad. d. 194: 201, 1932. 

Schultz-Brauns, O. Virchows Arch., 1, 1929. 

^M^olicard, A., and Fillet, D. Bidl. d' histdl. appliq, d la physiol., 3: 230, 1926. 
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the tissues and that their conversion into sulphates can be accomplished 
by exposing sections to the fumes of sulphuric anhydride. The sulphates 
are much more stable compounds and resist the heat of incineration. 

(e) Lead. Tada-^'^ and Okkels^^*^ have been able to differentiate lead 
in the tissues of experimental animals by exposing the ashed section to 
hydrogen sulphide. Lead sulphide is formed and shows up as black 
granulations. There are also other sulphides, for example, that of iron, 
which might be formed and which have practically the same optical 
qualities. These sulphides are also difficult to distinguish from carbon 
deposits in imperfectly incinerated preparations. 

(/) Uranium. Policard and Okkels^^ mention the possible detection 
of uranium salts in incinerated sections of tissue by means of their well- 
known fluorescent properties when exposed to ultraviolet light. This 
has been tried with success when large amounts of salts were present. 
The color of fluorescence of chemical compounds is apparently in some 
measure specific; but it is believed that the presence of exceedingly small 
amounts of impurities gives the fluorescent color not of the compound in 
question but of the impurity. The use of ultraviolet is but one means 
of exciting fluorescence, since many salts react in a similar, although 
perhaps more specific manner, to x-rays and to radium emanations, 
particularly alpha rays. 

The general appearance of the ash is not always the same and 
without doubt these variations on further study will reveal chemical 
differences which have thus far eluded us. In some tissues the ash is 
decidedly granular and grayish white in color; more frequently, it is a 
brilliant white and chalky in appearance. At times the minerals are 
homogeneously dispersed and grayish white; in other preparations the 
ash residue has a distinct bluish- white tint. The minerals may even be 
sky blue in certain tissues particularly in the epithelia of the skin and 
digestive tract. Mason*^^^ has introduced evidence that the blue coloration 
of microscopic objects may be due merely to the size and state of dis- 
persion of the substance. Whether these findings are applicable to dark- 
field observations remains to be determined. No explanation for these 
differences in appearance can be offered at present. The ash is rarely 
crystalline. It is possible that the refractive properties of the residue 
will serve to partially reveal its identity. 

K. Verhnjidl. d. Japan, path. GeselU^ 12H, 1926. 

® Okkcls, H. Bull. (I* histol. appUq. d la physiol,, 4: 134, 1927. 

®M*()lic;ar(l, A., and Okkels, H. Handb, cl. biol. Arbeitsmelhoden (Abderhalden) , 5: 
1815, 1931. 

" Mason, G. W. /. Physical Chem., 35’ 73/ 1931. 
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III. Quantitative Measurement o£ Mineral Residue of 
Tissue Sections 

One of the things to be desired in the study of microincinerated sec- 
tions is an accurate means of estimating the relative quantities of in- 
organic salts in various cells. Such a method would permit a quantitative 
comparison of tissues taken from animals subjected to experimental 
procedures with similar normal cells. Furthermore, it should make it 
possible to study such processes as normal growth and differentiation 
in a more exact manner than is possible with only qualitative esti- 
mates. A quantitative method has also to commend it the fact that 
pathologic and comparable normal tissues can be examined with more 
exactitude. 

The accurate quantitative measurement of ash in diff-erent tissues is 
obviously a difficult problem, but rough estimates of comparative 
amounts can be made as with any type of microscopic preparation. The 
former demands the use of physical apparatus not commonly found in 
laboratories of histology. A standard method of photography employing 
standardized development of the exposed plates has been suggested by 
Schultz-Brauns.^^ But it is practically impossible to control and repeat 
conditions exactly, especially with an arc lamp as a source of light. Since 
the cardioid condenser is an instrument primarily designed for accurate 
point focusing of a light beam and even the inexperienced observer is 
aware of an improper adjustment, it therefore becomes the instrument 
of choice for quantitative estimation of the ash residue. 

When the thickness of the section is 4/x the residue after incineration 
is practically a single layer for there is but little evidence of piling-up 
of mineral. When the ash particles are more numerous, yet individually 
of about the same magnitude, as they usually are, more light will be 
reflected into the eye of the observer. If the mineral is in a single layer 
on the slide and is so disposed that its compactness offers but little op- 
portunity for absorption of the incoming light rays, then it is probable, 
if the salt deposits are of approximately the same nature, that the amount 
of light reflected from their exposed surfaces will be roughly propor- 
tional to their quantity. With these assumptions as a basis, a means has 
been developed for measuring the intensity of the light reflected from 
the minerals remaining after incineration (Scott^^) . The method in- 
volves the use of a gas-filled photoelectric cell and a suitable amplifying 

Schultz-Braims, O. Ztsr/ir. /. 48: 161, 1931. 

Scott, G. H, Proc, Sac. Exper. BioL & Med., 30: 1304, 1933. 
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circuit for the current set up by the cell when light from the microscope 
strikes it (Williams and Scott^^) . 

The apparatus consists essentially of a permanently mounted micro- 



Fk;. 5. Dark-field photonicicr apparatus, a. Lamp and scale ol; wall galvanometer. 
B, Constant voltage regulator, c, Step-down transformer, n, Ventilated lamp housing. 
E, Microscope, r, Photo-cell box. g. Amplifier and battery cal)inet with control dials. 
H, Mechanical stage capable of three-way movement. 1, Reflecting mirror. 

projection system, the images from which are focused on a dark-field 
photo-cell box. The whole assembly, with the photo-cell box in position, 
is shown in Fig. 5, set up in a small darkroom. 

The lamp and scale (Fig. 5, a) for the Leeds and Northrup type r gal- 
vanometer is shown on the shelf to the left. On the table, from left to right: 
A constant voltage regulator (Fig. 5, b) and a step-down transformer (Fig. 5, c); 
the ventilated wooden box housing the 6 volt, 108 watt ribbon filament pro- 
jection lamp (Fig. 5, d); the microscope assembly (Fig. 5, e); the photo-cell box 
(Fig. 5, f), the amplifier cabinet (Fig. 5, g) for which is under the table. 

Williams, P. S., and Scott, G. H. J. Opt. Soc. Amer., 25: 347, 1935. 
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The microscope has a Zeiss apianatic 1.2 condenser, a Leitz number 3 objec- 
tive, various oculars, and a clamped-on 90° reflecting prism. 

A fixed diaphragm composed of a disk slightly larger than the aperture of 


Fig, 6. Photo-cell box of dark-field photometer, a, Copper-walled box. b, Lid for 
box. c, Photoelectric cell, i), FP54 Pliotron. k. High-resistance shunt. 1-, Cable to 
galvanometer and to amplifier box. (;, Cardboard slit arrangement to admit light to 
photo-cell. H, Shutter for slit. 1, Dark-field ring for substage condenser, j, Prism on 
microscope ocular. 

the objective (Fig. 6, i) is fitted into the ring of the condenser lens. The mechani- 
cal stage (Fig. 5, h) for the slide gives rack-and-pinion adjustments laterally and 
vertically and a fine screw adjustment axially; the latter feature had to be built 
specially. The whole arrangement is carried by the microscope frame, the stage 
having been removed to increase clearance. 

Details of the photo-cell box are shown in Figure 6. 

At the right is the cell box with the cover (Fig. 6, b) standing beside it. The 
box (Fig. 6, a) of heavy copper, is light-tight and gives good electrostatic screen- 
ing. The photoelectric cell (Fig. 6, c) is directly connected to an FP54 Pliotron 
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(Fig. 6, d); the lo*' ohm high-resistance shunt (Fig. 6, e) is in the shadow. The 
connections to the BuBridge and Brown amplifier^F (using 12 volts o£ lead cells), 
photo-cell B battery, etc., run to the cabinet shown in Figure 5, through a flexible 



shielded cable (Fig, 6, f) which also brings the galvanometer leads back to phone 
sockets on the box. The cover of the box carries rotatable and interchangeable 3 
inch white carboard disks serving as slits (Fig. 6 , g); any size and shape aperture 
falling within a % inch circle may be used. A sliding shutter (Fig. 6, Hj works 
under these to permit exposure of the photo-cell at the time desired. 

The apparatus assembled for use is shown in Figure 7. 

To use the apparatus the slide is inserted into the mechanical stage 
and the barrel of the microscope adjusted to bring the object into clear 
focus. The reflecting prism (Fig. 6, j) swung into position and the trans- 
mitted light reflected upward to the small mirror shown in Fig. 5, i, and 
from thence down to the cardboard disk (Fig. 7, a) on the lid of the 
photoelectric cell box (Fig. 7, b). With this arrangement a magnification 
of 700 is obtained which for most measuring purposes is quite adequate. 

The first step in the operation is to focus the filament image of the 
lamp sharply and centrally on the cardboard screen; this is done with 

"^DuBridge, L. A., and Brown, H. Rev, ScL Inst, 4: 532, 1933. 
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the dark-field diaphragm removed and with the ash-bearing glass slide in 
position. It is convenient to increase the size of the filament image to 
about 4 inches in width by putting a 12-power convex lens in front of 
the lamp housing. These adjustments are made but once, then the dark- 
field diaphragm is inserted and, with all the felt curtains dow^n (as in 
Fig. 7) to shut off stray light from the lamp housing, etc. and the room 
almost completely dark, the image of the ash deposits is focused on the 
screen with the axial adjustment of the stage. The image is faint but 
sufficiently visible. The portion to be measured is brought close to the 
center of the screen, using the lateral and vertical stage adjustments; 
the precise setting of the aperture in the screen is made by moving the 
photo-cell box itself. The galvanometer deflection when the shutter is 
pulled, is proportional to the scattered light passing through the aper- 
ture. The “background” is not completely dark, so that it is necessary 
to subtract the small clear slide deflection to get the light scattered by 
the ash itself. The resulting number is proportional to the amount of ash 
(if small) on the area taken, and can be compared with a similar meas- 
ure for another area of the slide without concern as to the actual amounts 
involved. 

With 700 magnification, the 0.1 galvanometer shunt, and a 1/^ inch 
aperture in the screen, about half-scale deflection (25 cm.) is obtained 
from the ash due to a 5^ section through a single nucleus of an hepatic 
cell. 
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Ethel Browne Harvey 

The centrifuge microscope is an instrument with which one can ob- 
serve living cells under high magnification while they are actually 
rotating in a centrifuge. It was designed by E. N. Harvey and A. L. 
Loomis and is made by the Bausch and Lomb Optical Company 
(Fig. i) . The instrument consists essentially of a motor, a rotating disk 
containing part of the optical system of a compound micx'oscope, a 
stationary eyepiece, and a source of light. There is an opening near the 
periphery of the upper surface of the rotating disk over which a slide 
containing material to be observed can be placed. Under this opening, 
mounted in the rotating disk, is a right-angled prism and the lenses of 
the microscope objective, so arranged that when under the source of 
light, an image of the material on the slide is reflected horizontally to 
the axis of rotation and then vertically upward by another right-angled 
prism to the stationary eyepiece, as shown in the diagram (Fig. 2 ) . A 
condenser throws on the material an image of an incandescent filament 
parallel to the radius of rotation. The slide is under the light for a small 
fraction of a second during each revolution of the disk, and the series of 
these very rapidly intermittent images gives a continuous picture just 
as in the motion pictures. Blurring is prevented by bringing the images 
to the center of rotation of the centrifuge. The steadiness of the image 
is indicated by the very clear photographs which can be taken while the 
machine is rotating 10,000 times a minute (Fig. 5). Excellent motion 
pictures have also been taken of eggs pulling apart in the machine. 

The speed of rotation can be controlled by the speed control box, a 
combination of rheostat and voltmeter (see Fig. 1), and can reach as 
much as 10,000 revolutions per minute (radius is 8.6 cm.) . The instru- 
ment is made with both low (16 mm.) and high (4 mm.) power objec- 
tives, with a simple device for changing from one to the other. Any 
ocular can be used, but a loX ocular is supplied, giving a magnification 
of lOoX with the 16 mm. lens and 400X with the 4 mm. lens. The slide 
B) is especially made, consisting essentially of a square depression 
slide (i inch square) over half of which is a covenslip fused and an- 
nealed to withstand the great centrifugal force. This is placed in the 
machine upside down so that the coverslip lies directly over the prism 
and lenses in the rotating disk. The slide is made so that the edge of the 
depression, to which material is centrifuged, comes directly under the 
' ' ' ' ■' 666 ' ■ : 
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optical axis of the condenser. It is sometimes advantageous to put a 
small amount of solution isotonic with the cells, and of slightly greater 
density (such as sucrose) at the bottom of the slide before inserting the 


material to be studied, to act as a cushion to prevent crushing of the 
cells. 

The centrifuge microscope can be used for the observation of the 
displacement of granules in living cells such as amebae, paramecia, or 
the eggs of the sea-uxxhin or starfish; the heavier granules, such as the 
pigment in the Arbacia egg, are thrown centrifugally, and the lighter 
granules, such as oil, go centripetally, and thus a definite stratification 
is formed. Many cells can be observed in the process of breaking into 
fragments when subjected to centrifugal force (Figs. 4 and 5). Such 
observations can be used to measure the rate of movement of granules, 
from which the viscosity can be calculated. Surface forces can also be 
calculated from observations with the centrifuge microscope. One can 
observe the effect of centrifugal force on mitotic figures and other 
nuclear and cytoplasmic structures visible in the living cell. Bifferences 
between unfertili/ed and fertilized eggs can also be studied (Figs. 4 and 
5) . A more complete account of the instrument is given in an article 


Fig. 1. Ontrihige microscope and its accessories. 
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Fig. 2. Diagram of optical system of centrifuge microscope. 
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entitled “The microscope-centrifuge and some of its applications,” by E. 
Newton Harveyd Complete directions for the use of the centrifuge 
microscope are supplied with each instrument. 

A modification of the centrifuge microscope (not made commercially) 
by which two different materials, e.g., experimental and control, can be 
observed at the same time, side by side in the same field, has been 
described by E. N. Harvey.^' 

y/. Franklin Inst., 214: 1-23, 1932. 

-Science, 77: 43 ^>' 43 ^ i 933 * 
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Apparatus 671. Preparation of tissues 672. Observations 673. 

It has been shown that radiation of animal tissues (and also many 
other substances) by filtered ultraviolet rays will cause an emission from 
them of secondary or visible rays, a phenomenon known as fluorescence^ 
The filter (nickel-oxide glass) through which the ultraviolet waves are 
passed excludes not only visible light but also the short ultraviolet rays. 
However, it permits the passage of ultraviolet waves essential for fluores- 
cence, those measuring from 300 to 400 millimicrons in length. By the 
use of filtered ultraviolet radiation, it is possible to examine tissues both 
grossly and microscopically. It is with the latter type of examination 
that we are here concerned.^ 

I. Apparatus. Apparatus consisting of assembled units necessary 
for the undertaking of fluorescent microscopy can be purchased in the 
open market. The following set-up, however, can be assembled at a com- 
paratively lower cost: 

^ Danckwortt, P. W. Lumineszenz-Aiialyse ini filtrierten ultravioletten Licht, Leipzig, 
Akademische Vei'lagsgesellschaft, 1929. 

Poficard, A. Compt. rend. Soc. de biol., 91: 1423, 1924; BidL d' histol. appHq, a la 
physiol., 5: 266, 1928. 

Kramer, K. Virchozvs Arch., 274: 215, 1929. 

Korbler, J. Strahleniherapie, 41: 510, 1931; 43: 317, >932. 

Sutro, C. J., and Burman, M. S. Arch. Path., 16: 346, 1933. 

^Kohler. Ztschr. /. wissensch. Mikr., 21: 129; 273, 1904. 

Walkhoif. Sitzungsb. d. Gesellsch. j. Morphol. u, PhymoL in Mihichen, 33: 7, 1922; 
Verhandl. d. phys.-rned. Gesellsch. 49: 159, >924. 

Konig. 49: 160, 1924. 

Bommer, S. Acta derynat .-venereal 10: 390, 1929. 

Hartoch, W. Ztschr. f. d. ges. exper. Med., A 9 ' m3>- 

Singer, E. Science, 75: 289, 1932. 

Thenon, J., and Pirosky, 1. Rev. Soc. argent, de biol., 8: 201, 1932. 

Eros, G. Centralhl. j. allg. Path. u. path. Anat., 54: 385, 1932. 

Radley, J. A., and Grant, J. Fluorescence Analysis in Ultra-Violet Light. N. 
Van Nostrand, 1933. 

Bommti', S. Der mat, Ztschr., 319, 1933. 

Exner, R. Psychiat.-neurol. Wchnschr. 35: 319, 1933; 36: 291, 1934. 

Qiierner, F. Ztschr. f. mikr. -anat. Forsch., 32: 444, 1933. 

llm'oni, B. Arch. ital. di dermat., .sif., q: 1933. 

Haitinger, M., and Hamperl, H. Ztschr. f. niihr.-anat. Forsch., 33: 193, 1933. 

Hamperl, H. Virchows Arch., 292: Arch. Path., 19: 838, 1935. 

, . : '671 ■ 




672 MICROSCOPICAL TECHNIQUE 

1. An ordinary microscope. 

2. As a source of light, a water-cooled quartz mercury vapor arc lamp (Hanovia 
Chemical Co.). 


Fig. 1. A. From left to right, special eyepiece filter, quartz condenser and quartz 
prism reflector. B. Water-cooled quartz mercury vapor arc lamp and parts assembled in 
microscope. (After Sutro, Arch. Path.) 


3. A Corex ultraviolet-ray filter (nickel-oxide glass). 

4. A quartz prism reflector. 

5. A quartz condenser (Abbe type without the iris diaphragm). 

6. A special eyepiece cap filter. (Items 4, 5 and 6 from the Bausch and Lomb 
Optical Co.). 


The assembled apparatuses shown in the accompanying figure. All ex- 
aminations must be done in a completely darkenecl room. 

2. Preparation of Tissues. The fresh tissues should be preserved 
in a diluted solution of formaldehyde U.S.P. (1-10) . Fixation in Helly’s 
solutionor in other colored fluids interferes with the natural fluores- 
cence. Paraffin sections are prepared from the fixed tissues using any 
of the ordinary routine dehydrating, clearing and impregnating pro- 
cedures. Frozen sections may be used. (Celloidin (parlodion) disturbs 
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the fluorescent effects.) Microtome-cut sections (from 7 to 8/ix in thick- 
ness) are attached by means of egg albumen to special slides which per- 
mit the penetration of ultraviolet radiation (these are known as U-V 
slides, Pfaltz and Bauer). The sections placed on these slides are neither 
protected with coverslips nor stained. Prior to examination with the 
fluorescent microscope the sections are immersed in xylene for approxi- 
mately one-half hour. The sections are then dried in air at room tempera- 
ture. After such treatment, the attached sections remain still satisfactory 
for examination even months later. 

3. Observations. The fluorescent effect depends probably for the 
most part on the chemical contents of the tissues. This in turn is partly 
dependent on the condition of the specimen (well preserved or dried) 
and on the age of the person or animal from whom it was obtained. The 
color of the fluorescent reaction is not specific, for slight variations may 
be observed in the same tissues. 

Fluorescent microscopy permits the differentiation of some of the 
constituents of tissue. For example, the examination of an unstained 
paraffin-imbedded section of human spleen reveals purplish fluorescence 
of the capsule as compared with a deep brown fluorescence of the pulp. 
The cells of the islands of Langerhans fluoresce reddish as compared 
with a dark brown tint of the excretory portions of pancreatic tissue. 
Small foci of pigment were noted by fluorescence in many organs. Some 
of these were not observed in the stained duplicate sections. Elastic 
tissue, fat, lipoid and chromaffin material also fluoresce quite distinctly. 

Bone fluoresces various shades of blue and white depending, for in- 
stance, upon age and upon the factors previously mentioned. (Five per 
cent solution of nitric acid can be used for decalcification.) Newly de- 
posited bone can be easily differentiated from older bone in the unstained 
sections. 

Fluorescent microscopy is also helpful for the detection of very small 
amounts of fluorescent dyes in tissue, as for example, eosin, mercuro- 
chrome, dibenzanthracene, etc. The sites of deposition of injected por- 
phyrin can also best be determined by fluorescent microscopy.^ It is 
interesting that in animals in which ligation of the common bile duct 
is performed, yellowish fluorescence can be noted in the unstained sec- 
tions of the nucleus pulposus, in the provisional zone of calcification of 
growth plates, in the innermost layer of the periosteum, in the blood 
vessels of fibrocartilage, and of fibrous ligaments, in pulp of teeth, in the 
odontoblastic and ameloblastic layers, and in the acalcified enamel. The 
yellowish appearance is absent in the stained duplicate sections. The 

® Fikentscher, R., Fink, H., and Emminger, E. Arch. /. path. Aiiat., 287: 764, 1933. 

Emminger, E., and Buchele, B. Ibid., 46, 1935. 
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yellowish discoloration is apparently directly related to the experi- 
mentally produced icterus.^ 

Fluorescent microscopy is also employed advantageously in the photo- 
micrography of the very fine constituents of cells which are not generally 
perceived by ordinary artificial light.i' 

^ Sutro, Cl J. Arch, f. Path., 22: 109, 1936. 

'"‘Lucas, F. F. Science, 71: 515, 1930; Proc. Nat. Acad. Sc., 16: 599, 1930. 

Wyckoff, R. W. Ci., and Ter Lomv, A. L. J, Exper. Med., 54: 106, 1931. 

Fowler, E. P., Jr., and Applebaum, E. Anat. Rec., 55: 23, 1932. 

Wyckoff, R, W. Cl, and Ebeling, A. H. J. Morphol., 55: 131, 1933. 

Wyckoff, R. W. Cl Cold Spring Harbor Synip. ()iiant. Biol., 2; 39, 1934. 
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Absolutc-ak:ohol t'ormulin, 646 
Al)sorption method lor study ol; teeth hy 
roentgen rays, 382 

Accessories lor niicronianipulation, 97 
Acetic acid, 553 

combinations, 556 
Aceto-carmine: Belling’s, 165 
cytological, 264 
tor plants, 165 
Schneider’s, 612 
Acetone, 618 

Acetone -1 ucidol fixation tor blood, 329 
Achucarro’s method for centrosornes in 
nerve cells, 469 

Achucarro s tannin silver method, 508 
Acid alcohol, 619 
Acid Bordeaux, 576 
Acid Congo red, 603 
Acid dyes, 605 
Acid-fast staining, 139 
Acid fuchsin, impregnation \vith, 349 
Acid green, 590 
Acid green o, 595 
Acid-haemalum, Mayer's, 613 
Acid magenta, 586 
Acid orange, 596 
Acid phloxine r.R, 582 
Acid polychrome methylene hluc, 122 
Acid Rubin, 586 
Acid yellow R, 576 
Acids, weak, 3 .} (5 
Ac ri flavine, 576 
Addison, W. H. F., 437 
Adipose tissue, 628 
Adjective stains, 608 
Adjuvants, 248, 564 
diflerential action in fixatives, 564 
in plant fixing fluids, 207 
for washing, 1 1 
Adloff, method of, 393 
Affixing embryos to paper, 284 
Affixing plant sections, 183 
Agar block method, 134 
Agdulir, modification of Bielschowsky’s 
method, 464 
Agitator, 255 
Air-bubbles, 627 
in damar, 627 
during spreading, 627 
in tissue, 628 


Albumen; Mayer’s, 620 
smears for Protozoa, 530 
water, 22 
Alcohol, 618 
absolute, 619 

amnioniated, as a fixative for nerve tis- 
sue, 455 
denatured, 618 
ethyl, 618 
for fixation, 533 

as fixative for plant material, 169 
as fixative for Protozoa, 530 
methyl, 619 
mixtures, 441, 558 

Alcoholic dyes for plant tissues, 186 
Alcoholic-eosin-methylene blue method, 
for Protozoa, 536 
Alcoholic hematoxylin, 535 
Algae: fixation of, 227 
fixatives tor, 227 
herbarium specimens of, 226 
special methods for, 226 
staining of, 227 
Alizarin blue rbn, 5H7 
Alizarin carmine, 577 
Alizarin no. 6 , 598 
Alizarin red s, 577 
Alizarin red, water soluble, 577 
Alizarin sulphate, 577 
A 1 iza rill: ))U rp u ri 11 , 598 
Alkanin, 22] 

Allen, Ezra, 246, 279, 552 
Allen's IF 1 5 lor chromosomes, 249 
Allen’s fluid, 561 
for plant cells, 216, 217 
Allen’s method for mammalian tissues, 

249 

Allen’s special methods, 249 
Alligation, 625 
Allolobophora, eggs of, 258 
smearing of, 264 

Altmann’s aniline-fuchsin-picric acid 
method, 266, 268 
Altmann-Gersh technicjue, fi47 
Alum -carmine, 612 
and picric acid, 612 
Alum-cochineal, 612 
for embryos, 284 
Alums, 619 
Amanil garnet 11, 584 
Amaranth, 577 
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Ameba, surface tension of;, 104 
Ameba nucleus, permeability olv 104 
Aniebas: centriCiiging, 108 
granules in, 107 
Amethyst violet, 577 
Ammonia carmine, 611 
Amphibian larvae, Knowers method of 
injecting, 57 

Amplifying circuit of photocell, 665 
Amyl nitrite, 620 

Amyloid: Bismarck brown and methyl 
violet reaction for, 419 
iodine green reaction, 419 
Langhans’ method for, 418 
Mayer’s stain for, 419 
methyl violet reaction for, 418 
Angiosperms, methods for, 243 
Aniline blue: ale. sol., 600 
water sol., 577 

Aniline dyes: formulas for, 610 
method of application, 604 
mordanting for, 604 
solvents of, 575, 603 
strength of solution, 604 
Aniline gentian violet, Ehrlick, 137 
Aniline oil for clearing, 256 
Aniline red, 586 
Anthers, fixation of, 213 
A n t i coag u 1 ant, no n - sh r i n king, 303 
Apparatus, 615 

for micromanipulative technicpie, 72 
characteristics of, 73, 74 
choice of, 70 
Appleton, J. L. T., 353 
Acpieous dyes for plant tissues, prepara- 
tion of, 185 

Acpieous mounting media for plant tis- 
sues, 198 

Arc lamp as source of light, 657 
Archelline 2B, 578 

Archoplasmic structures in plant cells, 206 
Arinkin method for bone marrow, 339 
Arneth-Schilling count, 122, 126 
Arsenic acid, for decalcification, 347 
Artifacts, 628 
Ash, appearance of, 660 
Astroscopus raja, 434 
Astrocytes, 489, 497, 505 
fibrous, 490 
protoplasmic, 490 
Auramin, 578 
and aniline blue, 189 
Aurantia, 578 
Aurin, 600 
Aurin red, 582 


Autogenous grafting on ontogenetic ele- 
ments, 397 

Avian and mammalian embryos, 250 
Avian tissues, 250 
Azidine blue 3B, 602 
Azidine scarlet R, 603 
Azo-bordeaux, 579 
Azo-carmine c, 578 
Azo-carmine ox, 578 
Azo rubin, 577 
Azure, 117 
Azure a, 578 
.Vzure B, 578 
Azure c, 579 
Azure i, 593 
Azure ir-eosin, 588 
and hematoxylin, 328, 339 

B-3 fixing fluid, 561 
B-15 fixing fluid, 249 
B-20 fixing fluid, 249 
Bacteria: in dairy products, 147 
hanging drop for, 133 
isolation of, 105 
pure cultures, 135 
slime-forming. Conn’s stain for, 146 
soil, 146 

stained preparations for, 134 
staining methods for, 135 
unstained preparations of, 133 
Bacteriological methods, 132 
Balsam infiltration, 202 
Balsam mounts, cleaning of, 202 
Balsamic media, 618 
Barber pipette holder, 6(5 
Barrett, method of, 395 
Bartelmez, G. W., 460 
Basic aniline dyes, 575 
Basic fuchsin, 136, 139, 142, 143, 146 
Basic rubin, 597 

Basophiles, supravital staining of, 125 
Basophilia, diffuse, 320 
Battery fluid, 77 
Bay berry wax, 258 
Beers’ method for Rhizopods, 546 
Benda’s crystal violet alizarin, 268 
Beasley’s brazilin-wasserblau, 273 
Bensley’s copper-chrome-hematoxylin, 271 
Bensley’s fixative for trophospongium, 

469 

Bensley’s method for mitochondria, 267 

Bensley’s neutral safranin method, 272 

Benzamine blue 3B, 602 

Benzo blue 3B, 602 

Benzo new blue 2B, 583 

Benzol, 620 
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Benzopurpiirin 4B, 579 
Bergamot oil, for clearing, 251 
Berlin blue, 577 
V. Beust method, 374 
Bichloride of mercury: combinations, 557 
as fixative, 555 
Bichromate mixtures, 557 
Biebrich scarlet, water sol., 579 
Bielschowsky’s ammoniacal silver bath, 

409 

Bielschowsky’s silver methods, 435 
for dental periosteum, 390 
Foot’s modification, 410 
for gingival innervation, 396 
for nerve tissue, 435 
Perdrau’s modification, 409 
Bielschowsky-Maresch method, 407 
Billingsley, P. R. See Ranson, 547 
Bindschedler’s green, 579 
Birch-Hirschfeld reaction, 419 
Bismarck brown and light green, 189 
Bismarck brown r, 579 
Bismarck brown y, 579 
Blackman’s alizarine method, 172 
Blastomeres: Echinoderm, Horstadius 

method, 46 
transplantation of, 46 
Bleaching methods, 623 
Bleaching plant sections, 184 
Blocking and trimming, 17 
collodion masses, 30 

Blood: capillaries, microinjection ap- 
paratus for, 94 

cells: vital staining of, 123, 124 
white, vital staining of, 124, 125 
citrated, 299, 303, 305, 309, 310, 315, 317 
collection: citrate method for, 293 
Osgood method for, 293 
color index of, 302 
counting, 287 
calculations, 291 
errors, 292 

drawing specimen of, 287 
film: special method for, 34 
dry, 325 
wet, 331 

groups: compatibility of, 318 
method of determining, 315 
in man, classification of, 314, 315, 316 
heparinized, 303 
lancet, 287 

methods for obtaining, 324 
oxalated, 297, 303, 305, 309 
pipette, 287 

platelets, counting, 293 
Ih'otozoa, 542, 543 


Blood — (Coiithrued) 
samples, use of, 293 
smears, 34 

specific gravity of, 306 
stains, 579 

supravital staining of, 122 
technique, 288 
Bloods, comparing two, 317 
Body wall, preparation of, 337 
Boeck’s concentration method for Proto- 
zoa, 540 

Boedeker’s method for enamel, 372 
Bone: calcified tissue in, 349 
celloidin sections of, 350 
corpuscles, isolation of, 348 
decalcification of, 346 
histological technique for, 344 
marrow: biopsy, 338 
fixation, 337 
stains for, 339 
supravital staining of, 128 
preparations of, 345 
sections of, 345 
without decalcification, 345 
staining of, 348 
Borax-carmine, 612 

Borax-methylene-blue for Protozoa, 543 
Bordeaux, 577 
Bordeaux cgn, 584 
Bordeaux red, 579 
Bordeaux sf, 577 
Botanical microtechnique, 155 
Bonin’s fluid, 423, 428, 560 
modifications of, 560 
for nerve tissues, 411, 444 
for plant cells, 217 
for Protozoa, 533 
Boxes, slide, 28 

Brain stem, rapid method for staining, 630 
Brains, 443, 444 

effect of fixatives on, 443 
effect of formalin on, 444 
Brandt-Rehberg burette, 93 
Brazil’s alcoholic picro-formol-acetic for 
Protozoa, 534 
Brazilian, 191, 574 

Bremer’s counterstain after Cox-Golgi 
method, 449 
Brilliant blue c, 580 
Brilliant Congo R, 603 
Brilliant Congo red r, 603 
Brilliant cresyl blue, 117, 123, 295, 319, 
322, 580 

Brilliant dianil red R, 603 
Brilliant fat scarlet b, 601 
Brilliant green, 580 
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Brilliarit pink, 599 
Brilliant Ponceau, 598 
Brilliant purpurin R, 580 
Brilliant yellow s, 580 
Brom chlor phenol blue, 580 
Broni cresol green, 580 
Brom cresol purple, 580 
Brom phenol blue, 581 
Brom phenol red, 581 
Brom thymol blue, 581 
Brown salt r, 582 
Bryophytes, methods lor, 240 
Buchholz and Blakeslee’s method, 244 
Buckman and Hallisey: counting platelets, 

294 

solution, 322 
Buds, fixation of, 213 
Buffalo' garnet h, 584 
Buffer solution, 327 

for Kingsley’s stain, 335 
for Mommsen’s stain, 330 
for Wright’s stain, 327 
Burket, celloidin-paraffm technique, 3(56 
Buttons, terminal, of Cajal, 459 
Butyl alcohol, 162 

in paraffin method, 38 

Cabot’s rings, 321 
Caesar red, 584 
Cajal: fixing bath, 549 
forma 1 i n -am mon i u m - brom i de, 5 1 9 
gold chloride and sublimate, 519 
method: for astrocytes, 497 
modification of, 507 
for dental periosteum, 390 
of double impregnation (Golgi) , 447 
for neurofil)rils, 452 
modification for calcified tissues, 459 
for fish Itrains, 460 
for frozen sections, 461 
for large blocks, 460 
reduced silver methods, 452 
reinforcer, 520 

terminal buttons, methods for, 459 
uranium nitrate silver method, 275 
uranium-formol method, 467 
Calcified tissue in bone, 349 
Calcium, 658 
micro reaction for, 659 
Calcium salts, in plant tissues, 157 
Calkins’ sublimate alcohol for Protozoa, 
533 

Callose, staining of, 196 
Canada balsam, 618 

for plant tissues, 201 


Canalicular apparatus of parietal cells, 

1 18 

Canary yellow, 578 
Capillaroscopy in study of teeth, 401 
Capps volume index method, 304 
Capsule stain, 14.5 
Carbol -xylol -creosote mixture, 520 
Carbon in sections, 658 
Carmalum, Mayer’s, 612 
Carmine and cochineal, 573 
Carmine stains: acid, 612 
alcoholic, 612 
alkaline and neutral, 61 1 
Carnoy’s fluid, 466, 558 

for plant cells, 214, 216, 217 
Carnoy-Lebrun’s fluid, 558 
Carothers’ method for Orthopteran cells, 

251 

Casares-Girs flagella stain, 143 
Castro (Dc Castro) , F., 453, 455, 459 
Ckistro’s method for calcified tissue, 459 
Cedar oil for clearing, 251 
Celestin blue b, 581 
Cell membrane in muscle, 431 
Cell organs of contraction, 425 
Celloidin: for electric organs, 434 
for teeth, 362 

technique of Burket, 36C) 

Cells in body fluids, supravital staining of, 
128 

Cellular physiology, micrurgical technique 
in, 101 

Cellular tissues, subcooling technique, 104 
Cellulo.se: sectioning, 157 
staining of, 195 
Cements, 617 

for sealing a(|ueous mounts, 199 
Centrosomes in nerve cells, 469 
Cerasin, 579 
Cerasin red, 600 

Cerebellum, reduced silver methods for, 

453 

Cerebral cortex, 444 

Cerebrospinal fluid, suj^ravital staining 
of, 128 

Cerel>rum, reduced silver methods for, 453 
Chambers, Robert, 62 
Chambers’ injection apparatus, 87 
Chambers’ micromanipulator, 68 
Chambers’ special methods of microinjec- 
tion, 54 

Champy’s fluid, 560 

C ha m py ’s b i ch r o m a t e - c h r om i c - osm i c mix- 
ture, 423 

Champy-Kuirs method, 269, 578 
Changing fluids, autoinatic device for, 570 
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j Charophyceae, preparation ol', 229 

I Charter-White’s method for interglobular 

spaces, 387 

Chase method for sections of teetii, 359 
Chemical agents for fixation, 552 
Chick embryos, 280, 282 
injecting, 52 
Chicken testes, 250 
China blue, 577 
Chlor cresol green, 581 
Chlor phenol red, 581 
Chlor-zinc-iocline for cellulose, 195 
Chloral hydrate as fixative, 455, 458, 459 
Chlorazol blue 3B, 602 
Chloroform as fixative, 553 
Chlorophyceae: fixation of, 228 
filamentous, fixation of, 229 
massive, fixation of, 229 
Chrom-acetic solutions for plant cells, 217 
Chrom blue gcb, 581 
Chrom-osmo-acetic fluids, 218 
Chrom violet, 587 
Chromatin, 210 

Chromatophores, demonstration of, 206 
Chromic acid: for decalcification, 347 
as fixative, 555 
mixtures, 558 

Ghromomeres, relation of, to acidity of 
medium, 211 

Chromosome constrictions, 208 
Chromosomes: micrurgical study of, 99 
plant, preservation of, 211 
Chromotrope 2R, 581 
; Chroniotrope N2R, 581 

Chromotrope blue 2R, 581 
Cdirysoidin y, 582 
Chrysomonadina, 547 
Churchill, H. R., 353 
Cilia, methods for, 549 
Ci bates: intestinal, 541 
relief staining of, 549 
Cladostephus, methods for, 233 
Clark, E. R. and E. L., pipettes for micro- 
injection, 52 

Clasmatocytes, supravital staining of, 129 
Clasmatodendrosis, 491 
Cleaning: of glass in micrurgy, 77 
of slides, 27 

-i Clearing, 13, 26, 256 

with aniline, 14 
medium for, 13 
time of, 14 

I Coccidia, 542 
Cochineal, 573 
Cold knife sectioning, 652 
■ ' Cole, E. , C., 479 ■ 


Cole’s rapid iron liematoxylin method, 

630 

Cole’s stock hematoxylin solution, 631 
Collagen, 404 
fixation of, 404 
silver impregnation, 406 
staining of, 405 

Collenchymatous walls, cutting of, 157 
Collodion as a medium, 4 
Collodion; method, 29 
modifications of, 31 

for plant tissues, 180 i 

rapid method for nervous tissues, .146 i 

sections: cutting of, dry, 31 
for cytology, 261 
handling, 30 

staining of, 31 i 

C^olloidal chemistry, microjripettes in, 106 
Colloidal lampl)lack for injection, 114 
Colloidal suspension: of benzidine dyes | 

for injection, 115 1 

of particulate matter for injection, 113 1 

of silver and gold for injection, 115 
Colophonium, 618 
Color effects, 575 
Color filters, 616 

Color index, 302, 303 I 

Combinations of agents as fixatives, 556 i 

Comparison of control and incinerated i 

sections, 657 1 , 

Condenser for micrurgical technique, 72 • 

Cone, William, 489 ;f 

Congo 1)1 ue 3B, 602 
Congo corinth o or gw, 584 
Congo led, 582 

Conklin’s modification of Delafield, 614 
Conklin’s modification of Wirtz’ method, 

141 

Conn, H. 132, 573 1, 

Conn’s stain for slime-forming bacteria, Ij 

146 I 

Connective tissue, 

attachments in muscle, 431 ’ 

cells, 336, 337 I 

supravital staining of, 128, 129, 130 
intercellular substances of. 402 
spreads, fixation and stains for, 337 
Contractile vacuoles, 550 

Protozoan, intra-vitam staining of, j 

527-. ! 

Cooper method, 140 

Copper salts for fixing Protozoa, 529 

Corallin red, 582 

Corallin yellow, 582 

Coreine 2R, 582 

Corinth brown c, 584 
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Corn blue b, 602 
Corn blue bn, 602 
Corn syrup for plant tissues, 199 
Correction for cell volume, 312 
Corydalis cornutis, 428 
Cotton blue, 577, 582 
Cotton corinth G, 584 
Cotton red 4B, 579 
Conn tersta in i ng, 26 
Counting chambers, 288 
Cover-glass preparations: handling of, 626 
special method (Isaacs) , 34 
Cowdry, E. V., 246, 265 
special methods, 265 
for mitochondria, 267 
Cox, W. H., 447 
Cox-Golgi method, 448 
Craigie, E, H., 471 
C resol red, 582 
Cresol violet, 582 
Cresolpht ha lein, 582 
Gresyl blue 2N or bbs, 580 
Cresyl fast violet, 582 
Cresylecht violet, 582 
Criteria of plant cytological methods, 204 
Croceine scarlet, 579 
Cryostat, 648, 650 

Crystal violet, 137, 138, 583, 587, 593 
and orange g, 190 
Crystals: mounting of, 158 
in plant cells, 221 
Culex, chromosomes in, 252 
Culture plate, direct examination on, 133 
Curcunrine, 580 
Cutin, staining of, 196 
Cutler, puncture method of, 310 
Cutting paraffin sections, 18 
adjusting knife for, 18 
inounting s})ecimen for, 18 
Cyanin and erythrosin, 193 
Cycadales, methods for, 242 
Cystoliths, 158, 222 
Cytochemistry, enzymatic, 106 
Cytological fixation, criteria for, 209 
Cytological fixatives, method of applica- 
tion, 252 

Cytological material: plant, choice of 
. method for, 204 
preparation of, for fixation, 213 
Cytological methods, general, 246, 248 
for plant tissues, 204, 226 
special, 265 

Cytoplasmic inclusions: in muscle, 431 
in plant cells, 220 

in Protozoa, intra-vitam staining of, 528 


Da Fano’s cobalt nitrate silver method, 

275 

for Golgi net, 467 
Dahlgren, tllric, 420 
Dahlia, 118, 588 
Dahlia b, 593 
Damar balsam, 618 

for plant tissues, 200 
Dare method, 296 
Dark brown salt R, 582 
Dark field: for incinerated preparations, 

657 

for micrurgy, 95 

Davenport’s modification: of Cajal, 459, 
462 

of Marchi, 476 
Decalcification, 621 
for Cajal’s silver technic, 459 
of teeth, 360 

De Castro, F., 453, 455, 459 
Decerating, 23 

Deetjeii - Weidenreich - osmium 

method, 332 
Dehydration, 12, 26, 253 
apparatus for, 254 
of frozen tissue, 647 
methods of, 12 
temperature of, 647 
Delafield’s hematoxylin, 24, 613 
for plant tissues, 186 
Dental histological technique, 353 
Dental periosteum, intravitam methods 
for, 389 

Dental tissues, technique for, 353 
Dentine: innervation of, intravitam meth- 
ods for, 389 

method of Van Huysen, Hodge, Warren 
and Bishop, 383 
and pulp, methods for, 361 
Dependorf’s method for innervation of 

pu'p. 389 

De Renyi, celluloid chamber of, 100 
De Rivas’ concentration method for Proto- 
zoa, 540 

Desiccation, 552 
Desmids, fixation of, 228 
Destin’s fluid, 559 

Dextrin for imbedding of teeth, 371 

Diamin Bordeaux cgn, 584 

Diamin red 4B, 579 

Diamond fuchsin, 586 

Diamond green, 591 

Dianil blue 2R, 583 

Dianil blue H3G, 602 

Dianil red 4c, 579 

Dianthin b, 584 
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Dianthin c;, 585 
Diaphanol, 161 

Diatoms: fossil, preparation of, 233 
isolation of, 233 
preparation of, 230 
Diazin green, 589 
Diethyl safranin, 119 

Diffraction method: for measurement of 
red blood cells, 314 
for teeth, 381 

Diffraction micrometers, 314 
Diffusion of salts in fixation, 646 
Dimethylamidoazobenzol, as a fat stain, 
225 

Dinoflagellates, 548 
Dioxan, 38, 162 
fixatives, 39 
mounting medium, 39 
preserving specimens in, 39 
Direct garnet R, 584 
Direct method for platelets, 295 
Direct red, 582 
Direct red 4.B, 579 
Direct steel blue bb, 583 
Direct violet c, 584 
Dissociated material, staining of, 608 
Dissociating fluid, 439 
Dobell’s alcoholic hematein for Protozoa, 
535 

Dobell’s picro-acetic, 534 
Dominici’s stain, 340 
Dorrier’s method, 140 
Double fixation, 250 
Double green, 592 
Double scarlet, 579 
Downey, Hal, 324 

Dry color films, preparation of, 118 
Dry film method, 119 
Drying: sections, 22, 27 
spread sections, 22 
test for completion of, 22 
Dubreuil’s iron hematoxylin method, 271 
Duckwall’s flagella stain, 142 
Dust contamination, 652 

Eckerson, Sophia, 155 
Efflorescence of ash residue, 656 
Egg, grasshopper, special method for, 40, 
261 

Ehrlich’s aniline-fuchsin method, 153 
Ehrlich’s indulin-aurantia-eosin, 342 
Ehrlich’s intravitam methylene blue, 477 
Ehrlich’s triacid, 330 
Einarson’s method for Nissl bodies, 451 
Elastic fibrils, 413 
Elastic tissue, 433 
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Electric organ tissues, 420 
Electric tissues: methods for, 434 
nerve connections in, 435 
nerve endings in, 436 
Electroplax: cytoplasmic inclusions of, 435 
stains for, 435 

Eleioplasts, demonstration of, 206 
Embryological material: living, 281 
prepared, 282 
securing, 279 
sources, 279 

Embryological methods, 279 
microtechnique in, 97 
Embryo-sac, fixation of, 210 
Embryos: affixing to paper, 284 
arranging sections of, 284 
chick, 280 
living, 28 1 
cleared, 284 
dissection of, 283 
infiltration schedule for, 283 
injected, 283 
living, 281 

microinjection of, 283 
mouse, 280 

planes of sectioning, 285 
sections, 284 
serial, 284 
thickness of, 286 
Emerald green, 591 
Emerson micromanipulator, 67 
Enamel: v. Beust’s method for, 373 
chemical structure and composition of, 

372 

intra-vital dyes for, 375 
Marshall’s method for, 377 
sodium alizarin-sulphonate for, 375 
staining in bulk, 375 
structure and chemical composition of, 
372 

William’s method for, 374 
Enamel rods, isolated, 372 
Endophytic material, preparation of, 227 
Entomostraca, muscle of, 421 
Envelopes, slide, 28 

Eosin: B, bn, bw, dkv, j, s, w or ws, Y, 584 
ale. sol., 584, 592 
bluish, 584 

Eosin-methylene blue, for Protozoa, 536 
Eosin scarlet b or bb, 584 
Eosinophiles, vital staining of, 125 
Epidermis, plant, maceration of, 173 
Epiphytic material, preparation of, 227 
Epithelial cells, vital staining of, 112 
Equisetum, methods for, 241 
Erie garnet B, 584 
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Erythrosin b and bb, 584 
Erythrosiri bb, 598 
Erythrosin l)Iuish, 581 
Erythrosiri and cyanin, 199 
Erythrosin R or 0, 585 
1‘hythrosin yellowisli, 585 
Ethereal oils in plant cells. 223 
rhliyl eosin, 585 
Ethyl green, 580 
Ethyl purple 6b, 585 
Ethyl violet, 585 
Euglenoids, 548 
Eutectic point, 647 
Excelsior lirown, 579 
Extraction of lipoids, 647 

Fahraeus’ method, 309 
Farmer’s fluid for plant cells, 216, 218 
Farrant’s medium, 617 
Fasoli and Arlotta method, 393 
Fast acid blue R, 585 
Fast acid green n, 585, 590 
Fast blue b, 585 
Fast blue 3R, 585, 590 
Fast fuchsiii <;, 582, 585 
Fast green fcf, 585 
Fast printing green, 586, 595 
Fast red, 577, 586 
Fast red b or i\ 579, 586 
Fast violet, 586, 587 
Fast yellow, 586 
Fat blue u, 602 
Fat 1)1 Lie 4R, 602 
Fat in plant cells, 222 
staining of, 223 
Fats: saponilication of, 225 
solubility of, 222 

Faworsky’s application of Cajal’s silver 
technic, 457 

Feeding, effect of, on tissues, 247 
Ferric chloride hematoxylin, Mallory’s, 613 
Fett Ponceau o, 600, 601 
Feulgen reaction, 629 
plant cells, 193 

Fibers, study of, with microraanipulator, 
106 

Fibroblasts, supravital staining of, 130 
Fibroglia fibrils: fixation of, 402 
staining of, 403 
Filamentous algae, 159 
Filamentous organisms, 163 
Filtering solutions, 616 
Fischer, modification of Preiswerk’s 
method, 393 

I’ish embryos, Knower’s method of iniect- 
57 


Fiiz’s microinjector-aspirator, 92 
lutz’s micronianipnlator, 66 
lu'xation: chemical agents for, 552 
collagen, |0 j 
criteria of, 8 
cytological, 248 
double, 250 
duration of, 250, 366 
effect of temperature on, 564 
fibroglia, 402 
by immersion, 5G5 

influence of physical conditions upon, 

561 

by injection, 566 

for microincineration, 646 

period of, 253 

physical conditions during, 253 
jirocess of, 8 

relation of staining to, 571 
size and density of specimen, 564 
temperature, 10 
time of, 10 
by vapors, 331, 562 
vitally stained tissues, 116 
Fixation: and fixatives, 552 
and staining, 266 

Fixative: for plant cells, choice of, 215 
injection of, 252, 568 
Fixatives: chemical, 552 
choice of, 8, 248 
concentration of, 564 
cytosomic, 563 
differential effects of, 562 
methods of application, 370 
mordanting action of, 370 
nuclear, 563 

penetration, rate and degree of, 363 
physical, 332 
relative volume of, 563 
selective action of, 562 
temperature of, 564 
Avashing out of, 369 
Fixing, 8 

Flagella: demonstration of, 205 
stains, 141 

Flagellates, intestinal, 541 

Flemming’s fluid, 249, 428, 433, 434, 539, 

563 

for nervous ti«ssues, 469 
for plant cells, 216 
Flemming’s tri-color stain, 192, 610 
Flexner’s method for leprosy bacilla, 154 
Florey’s technique, 95, 96 
Fluorescein, 586 
Fluorescence, 660 
Fluorescent Irlue, 599 
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Food vacuoles in ciliates, 527 
Foot, Nathan Chandler, no 
Foot and Strobell, 258, 264 
Foot’s modification of Biclschowsky’s 
method. 410, 466 

Foot’s modilication of Cajal tecfmic, 463 
Foot's modification of Hortega, 411 
Foraminifera, 546 
Formalin, 620 
Formic acid, 346 
as fixative, 553 
Formol: as a clissociator, 439 . 
as fixative, 554 

for nervous tissue, 441, 444 
Formol-nitric solution, 559 
Formol -sid)l i m a te, 557 
Fossil plant material, grinding of, 174 
Free ends on muscle tissue, 421 
Free-hand microinjection, 51 
Free-hand sectioning of plant tissues, 176 
Freeman, G. L. See Papez, 476 
Freezing and drying tissues, 651 
Freezing method of sectioning, 32 
for plant tissues, 178 
Freifeld’s stain, 331 

Fritsch’s method for innervation of den- 
tine, 391 
Fry, H. J., (>23 
Fuchsin: acid, 586 
basic, 139, 142, 143, 146, 58() 

Mallory’s acid, 404 
Fuchsin nb, 595 
Fuchsin s, sn, ss, st, or sm, 586 
Fucosaii, 221 

Fucus, methods for, 233, 236 
Fungi, preparations of, 236 
Fused cpiartz rods: characteristics of, 632 
method of illuminating, 632 

Gage’s formol clissociator, 439 
Gage’s method for glycogen, 468 
Galiamin blue, 587 

for Nissl bodies, 452 
Gallocyanin, 587 
for Nissl bodies, 451 
Gambine, 595 

Ganglia, silver method for, 454 
Garven’s niodihcation of gold-chloride 
technic, 477 

Gases, use for incineration, (>54 

Gasteria, 167, 168 

Gatenby, J. B., 277 

Gelatin drop cultures, 133, 134 

Gelatin method for plant tissues, 178 

Gentian blue, 600 


Gentian violet, 137, 140, 583, 587, 593 
Newton’s, 171 
and orange 190 
and safranin, 189 
Gibson, William C., 481 
Ciiemsa stain, 328, 588 
for bacteria, 150 
for Protozoa, 536, 542, 543 
(iies’ method, 376 
Ciill plate, 36 
Gilson’s fluid, 557 

for plant cells, 216, 219 
Gilsons rapid collodion process, 31 
Gingiva, innervation of, 395 
Ginkgoales, methods for, 242 
Glass for micrurgical technique, cleaning 
of, 77 

Glass slip: preparing for sections, 21 
size of, 285 

Globus modification of Cajal, 500 
Glycerin jelly, 617 
Glycogen, 221 

in nerve cells, 4(58 

(iold chloride method: for lieniollagel- 
lates, 545 

for nerve endings, 477 
for Trypanosomes, 545 
Gold chloride toning, 454, 464, 466 
Gold orange, 592, 596 
Gold sublimate method: principles of, 500 
routine use of, 502 
Golgi apparatus, 274 

experimental error in revealing, 537 
in nerve cells, 4(57 
in Protozoa, methods for, 537 
Golgi -Cox, 448 
Golgi method, 446 

for dental periosteum, 390 
for neurons, 445 

modifications of, with formol, 448 
rapid, 446 
silver, 445 

Goodpasture’s stain, 332 
Gottlieb’s madder feeding method, 375 
Gower’s solution, 287, 323 
Graham’s benzidine stain, 333 
Gram’s stain, 138 

Hucker’s modification of, 138 
Kopeloff and Beerman’s modification 
of, 138 

Gram-Weigert method, 152 
Grasshopper eggs, methods foi-, 40, 261 
Gray R, b, bb, 596 
Ciray’s flagella stain, 143 
Green algae, preservation of, 228 
Green pn, 595 
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Gregarinidae, 541 
Gri eve’s stain, ‘451 
Griffithsia, methods tor, 23.}, 235 
Grinding, 4 
method of, 37, 353 
for fossil plant material, 174 
Griibler’s tannin mixture, 434 
Gurdjian's modification of Cajal technic, 
460 

Gymnarchus, 434 
Gymnosperms, methods for, 242 

Haden-Hausser method, 297 
Haden’s method, 305 
Hammerschlag’s method, 306 
Hance, R. T., 246 

method for mammalian and avian tis- 
sues, 250 

Hand microtome sectioning of plant tis- 
sues, 176 

Hanging drop: for bacterial cultures, 133 
cleanliness of, 90 
of Protozoa, 525 
Hardening, 10 

Hart’s modification of Weigert’s elastic 
tissue stain, 414 
Harvey, Ethel B., 615, 666 
Hatai’s method for centrosomes, 469 
Hayem’s solution, 287, 323 
Hayne’s phloxine-azure, 341 
Heat, 552 

Heidenhain’s hematoxylin and eosin, 188 
Heidenhain’s hematoxylin for plant tis- 
sues, 167, 187, 190 

Heidenhain’s iron hematoxylin, 613 
Heidenhain’s trichloracetic with subli- 
mate, 557 
Heldt, f. J., 449 
Helianthin, 5952 
Heliotrope, 577 
Eleliozoa, 546 
Helly’s fluid, 121 

for plant cells, 219 
Zenker-formol, 337, 558 
Helvetia blue, 592 
Hemacytometer slides, 290 
cleaning, 292 

Hemaggiutination and hemolysis, 314 
measurement of, 317 
Hemaluin, Mayer’s, 24 
acid, 613 
Hematein, r,7r, 

Hematein ammonium for fibroglia fibrils, 

m 

Hcmatoci it method, 303 


Herna toxy 1 i n , 24 , 5 74 , 5 7 5 
alcoholic, 535 
Cole’s, 631 

Conklin’s modihcation, 614 
Delafield’s, 24, 613 
Heidenhain’s, 610, 613 
for plant tissues, 167, 187, 190 
Kultschitsky, 472 
lithium, 470 
Weigert, 471 

Mallory’s phosphomolybdic add, 406 
Mallory’s phosphotungstic acid, 403 
for nerve fibers, 473, 474 
rapid method of Cole, 630 
Hematoxylin-balsam smear method for 
plant tissues, 166 
Hematoxylin and eosin, 188 
Hematoxylin and hematein, 613 
Hematoxylin and safranin, 187 
Hematoxylin smear method, 209 
Hemipteran and Orthopteran germ cells, 
smear method for, 33 
Hemoflagellates, 542 
Hemosporidia, 545 
Hemoglobin: amount of, 320 
estimation of, 297, 299, 301, 320 
correction for barometric pressure, 301 
corrections for dissolved gas, 302 
manometric method of, 301 
Hemoglobin percentage, method of esti- 
mating, 295 
Hemosporidia, 545 

Herbarium specimens, preparation of, for 
microscopical study, 158 
Hermann's platino-aceto-osmic acid mix- 
ture, 560 

Hermetic chamber, 76 
Hess and Ziircher, method of, 394 
Heuser, C., 284, 615 
Heiiser injection method, 60 
Heuser orientation methods, 622 
Hexamethyl violet, 583 
Higgins’ ink for injection, 114 
Hirschler’s osmium method, 276 
Hiss’ method, 145 
Histochemical reactions, 644 
absorption in, 644 
crystal formation in, 644 
salt diffusion in, 644 
Histochemistry, 643 
Histological methods, plant, 156 
Hbrstadius, Sven, 43 
Hofmann’s green, 589 
Hoffman violet, 588 
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Hollande’s fluid, 534 
for flagella, 547 
for Protozoa, 547 

Holmgren, trophospongium of, in nerve 
cells, 469 
Homarus, 431 
Hortega: 1927 method, 514 
ammoniacal silver carbonate solution, 

521 

fust variant, modification of, 509 
formal in -iron -alum solution, 521 
fourth variant, mordant for, 521 
method 

for astrocytes, 505 

for gliosomes and mitochondria, 516 
for microglia, 512 

for neuroglia pigment, modification 
of, 516 

for oligodendroglia, 510 
for perivascular glia, 515 
silver carbonate method, 520 
Foot’s modification, 411 
uranium-formalin solution, 521 
Hoyer, H.; injection methods, 51 
thionin method for mucin, 416 
Hrdlicka, A., 444 

Huber and Heuser, methods for thin sec- 
tions, 623 

Huber’s method: for cutting paraffin sec- 
tions, 623 

for Nissl bodies, 450 

Huggins, McCarroll and Dahlberg method 
for autogenous grafting, 397 
Huntoon’s method, 146 
Hydrogen peroxide, bleaching method, 
623 

Hydrophilus, 431 
Hydroquinone for reducing, 454 
Hyposulphite in toning, 454 

Ice formation in protoplasm, 649 
Illuminant: for micrurgy, 73 
in relation to stain, 616 
Imbedding, 3 
collodion, 16 
frozen tissue, 32 
paraffin, i6, 179, 251 
watch-glass method, 16 
Imbedding and hardening in collodion, 
29 

Imbedding and staining plant tissues, 220 
Imperial yellow, 578 
Impregnations, 461, 465, 609 
Incineration: oven, 653, 654, 655 
preparation for, 651 
process, 653, 655 


India ink method for dentine, 379 
Indin blue 21m, 595 
Indicators, 102 
Indigo, 589 
Indigo blue, 589 
Indigo carmine, 589 
Indigotine ia, 589 
Indophenol, 224 
Indophenol blue, 589 
Indulin: spirit sol., 589 
water sob, 589 
Indulin black, 596 
Indulin-aurantia-eosin, 342 
Indusia, methods for, 241 
Infiltrated material, 4 
Infiltration, 14 
collodion, 29 
gradual, 257 
paraffin, 14 

with high temperatures, 258 
schedule for embryos, 283 
Infusoria, 548 

Injection: apparatus for, 254 
control of, 51 
of fixatives, 252 
gross, 51 
mechanical, 53 
pressure for, 51 
steps in, 567 
through the heart, 569 
In toto staining, 12, 607 
Intercellular substances in connective tis- 
sues, 402 

Interglobular spaces, demonstrating, 386 
Internodes of nerves, 441 
Interstitial cells: of central nervous sys- 
tem, 489 

routine study of, 495 
Interstitial injections, 121 
Intestinal amebae, 540 
Intestinal ciliates, 541 
Intestinal flagellates, 541 
Intestinal Protozoa, 526, 538 
Intravital dyes for enamel and dentine, 
375 

Intra-vitam dyes, 607 
Intra-vitam methylene blue method, 477 
Intra-vitam staining: plant cells, 212 
Protozoa, 527 
Inulin, 158, 221 

Invertebrates, silver methods for, 454, 458, 

459 

Iodine, for killing Protozoa, 529 
Iodine green, 589 

and acid fuchsin, 189 
Iodine reaction for amyloid, 418 
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iodine violet, 588 
lodo-eosin B, 584 
lodo-eosin 0, 584 
Iris blue, 599 
Iris violet, 577 
Iron, 658 
Iron aknn, 619 
Iron artifacts, 658 

Iron hematoxylin: Heidenhain’s, 25, 613 
von M oel 1 endorif ’s , 6 1 3 
myofibrils, 42(5 
lor Protozoa, 534 
Isaacs, Raphael, 287 

Isaacs, Brock and Minot, method of, 308 
Isamine 1)1 ue, 589 

Isolation of nerve cell bodies and fibers, 

439 

Iso-pentane in freezing, 649 
Isom bin, 595 

Jansky method, 314, 316 
Janus green, 117, 118 
Janus green b, 266, 589 
Jenner’s stain, 328, 590 
Johnson, silver method for degenerating 
nerves, 458 

Johnston and Mack's flagella stain, 144 
Johnston’s method, 357 
Johnston’s neutral red stain, 450 
Jones, Ruth McCIung, 279 
Juers huid, 560 

Rappers, Aliens C. U., 472 
Rardos stain, 329, 340 
Rardos-Pappenheim stain, 329 
Raufmann’s method, 170 
Reefe’s fluid, 160 
Rhotinsky’s cement, 90 
Rilling, 6 

Ring, Helen Dean, 444 
Ring’s carbol thyonin stain, 450 
Rings! ey’s stain for sections, 335 
Rirkman’s neutral reel stain for nerve 
cells, 450 

Rleinenberg’s fluid, 562 
Rnife, inclination of, 18 
Rnisely, M. H., 615, 632 
Rnower, H. McE„ 51, 615, 630 
Rnower's method: for injecting fish em- 
bryos, 57 

for injecting Amphibian larvae, 57 
of microinjection, 55, 57 
Roch-Weil method of making sections of 
teeth, 358 

Rofoid and Swezy’s alcoholic hematoxylin 
for Protozoa, 535 


Rolatchew’s method, 276 
Ropac, M. )., 62 

Ropac’s method for studying plasma- 
lemma, 95 

Ropelolf and Becrman modification, 138 
Ropsch’s method, 276 
Ropsch’s niodihcation of Golgi method, 
4(8 

Rrause’s membrane, 427 
Rra use’s method, 350 
Rristenson solution, 322 
Rulp’s flagella stain, 142, 144 
Kultschitsky’s hematoxylin, 472 
Ruwada and Sakam lira, 211 

Labeling slides, 28 
Laemoid, 590 
LaCour fixing fluid, 219 
Lactic acid, for decalcification, 347 
Lactic-glycerin mounting medium, 245 
Lacto-phenol mounting metlium for plant 
tissues, 198 

Lacunae and canal iculi, 349 
staining linings of, 350 
Lake Ponceau, 598 
Lamellae, isolation of, 348 
Landis’ microinjection apparatus, 95 
Langhans’ method for amyloid, 418 
Langworthy’s intra-vitam methylene blue 
method, 479 

Larsell’s intra-vitam methylene blue 
method, 480 

Latex: preservation of, 159 
staining of, 194 
Lauth’s violet, 601 
Lead, 660 

Leather brown, 579 
Leather yellow, 598 
Leaves and stems, methods for, 241 
Lefevre watch ghess, 615 
Leishman’s stain, 326 
for Protozoa, 544 
LeMasurier, H. E., 443 
Leucemic blood, supravital staining of, 
127 

Leucocytes, 324 

fixation of, 337, 338 
staining of, 339 
vital, 111 
Leucosin, 22 1 

Lichens, methods for, 239 
Liesegang’s method for frozen sections of 
nervous tissue, 461 

Idght conduction in quartz rods, 636 
Light filters, 21 1 
Light green, 592 
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Light green sc, 3G, 4G, or 2GN, 59a 
Light green n, 591 
Light green sf, yellowish, 590 
Light source: for quantitative estimation 
of ash, 665 
for quartz rod, 638 

Lighting system for micrurgical technique, 
73 

Lignin, staining of, 195 

Lillie’s chrom-osmic-acetic mixture, 560 

Linzenmeier method, 309 

Lipoids, extraction of, 64.7 

IJquid air, freezing in, 647 

IJthium carbonate, for removing fixative, 

1 1 

Lithium carmine for injection, 115 
Litmus, 590 

Living cells, plant, examination of, 211 
laving embryological material, 212 
Living material, study of, 281 
Locke's solution for Protozoa, 527 
Loeffler’s alkaline methylene l)lue, 137 
I.oelller’s flagella stain, 142 
Loewitt method, 391 
laid ford, R, J., 277 
Lugors solution, 529 
Luminous organs, Lampyridae, 424 
laindsgaard and Moller method, 299 
Lustgarten's solution, 472 
Lymph nodes: fixation for, 337 
stains for, 339 

I.ymphatics of tooth pulp: methods for 
injecting, 387 

Dewey and Noyes’ method for, 387 
Schweitzer’s method for, 387 
Lymphocytes, vital staining of, 125 
I.yons blue, 600 

MacCa II urn’s Goodpasture’s method, 152 
MacDaniers method for intestinal Proto- 
zoa, 539 

Macerated muscle tissues, 422 
Macerating, 5, 37 

MacNeal’s tetrachrome stain, 325, 327, 
60 1 

Macro-method for determining blood cell 
volume, 303 

Macroscopic staining of nervous tissue, 442 
Madder feeding, Gottlieb’s method, 375 
Magdala red, 590 
Magenta, 586 

Magnesium citrate for decalcification, 348 
Maier’s sublimate alcohol, 533 
for Protozoa, 533 
Malachite green, 141 
Malachite green g, 580 


Malarial parasites, 545 
Mallory, F. B., 132, 402 
Mallory’s acid fuchsin stain, 404 
Mallory’s aniline blue collagen stain, 405 
Mallory’s connective tissue stain for 
trophospongium, 469 
Mallory’s eosin and methylene blue, 149 
Mallory’s ferric chloride hematoxylin, 613 
Mallory’s phosphomolybdic acid hematox- 
ylin, 403, 406, 427, 613 
Mallory’s tricolor: for Protozoa, 535 
Sharp’s modification of, 535 
Malone, E. F., 449 
Malopterurus, 434 
Mammalian cells, fixation of, 249 
Mammalian embryos, injecting, 52 
Manchester brown, 579 
Manchester yellow, 591 
Mandarin G, 596 
Mann’s methyl blue eosin, 536 
Manson’s methylene blue, 321 
Marchi’s method for degenerating myelin, 
475 

Marine blue, 577 

Marine plant material, dehydration of, 
164 

Marking, 7 

Marshall’s method for tooth injection, 377 
Martins yellow, 591 
Mastigophora, 547 

Material: cytological, selection of, 246 
imbedded, 3 
infiltrated, 4 

physiological condition of, 247 
to be stained 
state of, 607 
character of, 607 
unsupported, 3 
Mail vein, 118 

Maximow, methods of, 337 
May, method of, 310 
May-Giemsa stain, 329, 340 
May-Grtinwald (Jenner’s) stain, 328 
May-Griinwald’s fixation, 328 
May’s method, 310 
Mayer: acid hemalum, 613 
albumen, 620 
amyloid stain, 419 
carmalum, 612 

chlorine method for bleaching, 623 
hemalum, 613 
muchematein method, 416 
mucicarmine method, 417 
McClendon, J. F., 565 
McCord, Jolden and Johnston method, 

321 
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McClungv C. E., 3, 246, 279, 552, 573, 615 
McCl ling’s dioxari technique, 39 
McDaniel’s method for intestinal Proto- 
zoa, 539 

McGill contraction nodes, 427 
McNabb, Josephine W,, 246 
McNeil-Gullberg pipette, 90 
Mean corpuscular hemoglobin: calcula- 
tion of, 305 
concentration, 305 

Mean corpuscular volume, calculation of, 

Medium, choice of, 4 
Megacaryocytes and Itlood platelets, meth- 
ods for, 333 

Meiotic phases in plants, preparation of, 
213 

Meldola’s blue, 595 
Mercuric chloride, washing out, 11 
Mercurochrome, 141, 591 
Merkel’s fluid, Smith’s modi lication, 560 
Meta-cresol purple, 591 
Metanil yellow, 592 
Methods: non-section, 5 
for preparing material for microscopical 
examination, 3 

of studying red lilood cells, 287 
Methyl blue, 592 
Methyl eosin, 592 
Methyl green, 592 

Methyl-green-acetic, for Protozoa, 530 
Methyl-green-pyronin, 34 1 
Methyl orange, 592 
Methyl red, 592 
Methyl salicylate, 256 
Methyl violet, 118, 587, 593 
Methyl violet ion, 583 
Methylene azure, 593 
Methylene blue, 118, 137, 139, 593 
for study of dentine, 379 
Methylene-bluc-eosin, for Protozoa, 543 
Methylene blue <k;, 117 
Methylene blue, intravitam, 477 

for staining isolated nerve cells, 439 
for sections, 449 
Methylene blue nn, 595 
Methylene blue o, 602 
Methylene blue, Unna’s, 433 
Methylene green, 594 
Methylene violet, 594 
Methylol, 162 

Mettlcr's modification of Marchi’s method, 

475 

Metz, C. W., 265 „ 

Me\’cs’ Victoria green method, 273 
Microburner, 79 


Microcautery, Peterfi, 86 
Microchemistry, 106 
Microcolorimeter, 102 
Microelectrodes, 96 
metallic, g6 

Microdissections of embryos, 284 
Microglia, 489, 494, 512 
counterstaining of, 518 
Micro-hydrogen electrodes, 96 
Microincineration, 643 
fixation of tissue for, 646 
Microinjection: apparatus, blood capil- 
lary, 94 
Chambers’, 87 

Brown’s modification of, 54 
Landis’, 95 

for renal corpuscles, 94 
I’aylor’s, 90 

Wearn and Richards’, 94 
White and Schmitt’s, 94 
apparatus and technique, 03 
cellular, 86 
dii'ections for, 59 
of embryos, 283 
fixation of specimens, 61 
fluids for, 59, 89 
free-hand, 51, 53 

partly mechanical methods for, 53 
preparation of specimens for, 58 
quantitative, 93 
suggestions for, 57 
under high powers, 54 
Micromagnets, 96 
Micromanipulative technique, 62 
Micromanipulator, 69 
Micro-method of determining blood cell 
volume, 303 
Microneedles, 78 
bending of, 82, 83 
making of, 78, 79, 80, 81 
mounting of, 84 

Microorganisms, isolation of, 105 
Micropipettes: glass for, 88 
McNeil-Gullberg, 90 
method of drawing, 52 
mounting, 88 

Micro-quinhydrone electrodes, 97 
Microsaltbridges, 96 
Microscope: inverted, 71 
and microscope accessories, choice of, 70 
Microscopic bacterial colonies, 133 
Microscopical images, interpretation of, 9 
Micrasporidia, 551 

Microtechnique in cytology and histology, 

99 .- ■ , . . 
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Microtips: methods of obtaining, 86 
opening of, 89 
types of, 82 
Microtome, rotary, 178 
Micrurgical technique, 63 
applications of, 97 

Micrurgical ^vork, dark-fieid illumination, 
95 

Mineral elements, demonstrations of, 643, 
646 

Mitochondria, 118, 123, 125, 265, 578 
fixation and staining, 266 
in living cells, unstained, 265 
methods for, 265 
in nerve cells, 468 
in Protozoa, methods for, 537 
Mitochondrial stains, Cowdry, 267 
Mitochondrial technique, experimental 
error in, 273 

Mixing fluids, agitation of, 254 
Mixtures, preparations of elements in, 625 
Moist chamber, 74 
Reyniers, 77 
Mommsen’s stain, 330 
Monocytes: pathological conditions of, 
127 

vital staining of, 126 

Monocytes and macrophages, supravital 
staining of, 129 
Moral, method of, 394 
Mordanting, 604 
Mordants, for hematoxylin, 575 
Morgan’s myelin sheath stain, 473 
Mormyrus, 434 
Mounting, 27 

incinerated preparations, 655 
Mounting media, 617 
aqueous, 617 

for plant tissues, 198 
l)alsamic, 618 
refractive index of, 197 
Sandrac-Dioxan, 40 
Mounting paraffin sections, 19 
Mounting sections for incineration, 652 
Mouse uteri for blood vessels, 281 
Mozejko, injection methods of, 51 
Much’s method, 139 
Muchaematein, Mayer’s, 4.16, 614 
Mucicarmine, Mayer’s, 417 
Mucilage, staining of, 196 
Mucin, 416 

Muller’s fluid, 423, 442, 557 
Muller’s method for Protozoa, 532 
Mulligan, J. H., 442 
Murray’s method, 271 


Muscle, 420 
fibers, 422 
fixation of, 423 
free ends of, 421 
methods for, in contraction, 4.28 
pressure ridges in, 421 
section cracks in, 421 
sectioning of, 426 
smooth, 430 

special characters of, methods for dem- 
onstrating, 421 
staining of, 424, 426 
striatecl, 428 
frozen sections of, 423 
teased, 422 

Muscle and electric organ tissues, methods 
for, 420 

Muscle cell, myogram of, 104 
Muscle material, sectioned, 423 
Mycorrhizas, endotrophic, preparation of, 

239 

Myelin: degenerating, methods for, 475 
formation in plant cells, 226 
iron hematoxylin stain for, 473 
normal, methods for, 469 
Myelin sheath: degenerating, 475 
normal, 440, 469 

Myelinated nerve fibers, osmic acid meth- 
ods for, 440 

Myofibrils: fixation of, 425 
sectioning of, 426 
smooth muscle, 427 
stains for, 426 
iron hematoxylin, 426 
Myxomycetes, methods for, 239 
Myxophyceae, preparation of, 228 
Myxosporidia, 550 

Nakamura, tooth germ transplantation, 
399 

Naphthaline pink, 590 
Naphthaline red, 590 
Naphtha mine blue 2R, 583 
Naphthamine blue 3BK, 602 
Naphthol blue, 595 
Naphthol green a, 595 
Naphthol green y, 595 
Naphthol red, 577 
Naphthol yellow, 591 
Naphthylarnine pink, 590 
Narcein, 595 

Navashin’s fluid for plant cells, 216, 219 
Naysmyth’s membrane, method for, 371 
Nebel, pollen tubes, 245 
Needham and Needham, 88 
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Needle lips: Chabry, 86 
various, 86 

Needles, position ol', in irioist chamber, 85 
Nemec’s fluid for plant cells, 219 
Nerve cells, isolalion of, 439 
Nerve endings, 476 

by local application, 478 
staining by injection, 479 
Nerve fibers, isolation of, 439 
Nerve.s, Ranson and Billingsley’s method 
for, 457 

Nervous tissue, removal of, 437 
Neubauer ruling, 288 
Neuroblast-s, 454 
Neurofibrils, 452 
CajaFs method for, 452 
Neuroglia, 489 
Neu rokera ti n , 440 
Neurological technicpie, 437 
Neuroinotor apparatus, 550 
Neuron shape and relationship, 445 
Neutral red, 117, 595 

reaction to intracellular materials, 118 
Neutral red iodide, <19 
Neutral red and Janus green mixture, 
120, 122 

Neuti'al red stain for Nissl bodies, 450 

Neutral violet, 595 

New 1)1 ue b, 595 

New fuchsin, 595 

New methylene blue n, 595 

New pink, 598 

New Fonceau 4R, 598 

New Mctoria blue b, 602 

New \'ictoria green, 591 

Newcomer method, 296 

Newton’s gentian violet, 171 

Niagara blue 311, 602 

Nicholson’s experiments in chromatolysis, 

452 

Night blue, 600 
Nigrosin, 141 
Nigrosin w, wl, 596 
Nigrosin, water sol., 596 
Nde blue A, 596 
Nile blue sulphate, 596 
Nissl bodies, 449 

Nissl substance: degenerative, 452 
regenerative, 452 
Nilra/ine yellow, 596 
Nitric acid; for decalcification, 346 
as lixative, 554 
mixtures, 559 

Noland’s stain: for flagella and cilia, 530 
for Protozoa, 530 


Non-section methods, 5 
characteristics of, 6 
choice of, 6 
for plant material, 165 
Nopal in o, 584 

Nowlin’s sublimate alcohol for Protozoa, 

m 

Nuclear stain, 6og 
Nuclei: of plants, fixation of, 209 
of Protozoa, methods of staining, 530 
Nucleolus, plant, fixation of, 209 
Nucleus and chromosomes, plant cell, 207 

Ocular micrometer, types of, 313 
Ohlmacher’s modification of Carney’s 
fluid, 444 

Oil of cloves method of mounting sections 
of teeth, 365 
Oil red, 600 
Oil red a, 224 
Oil red iv, 601 
Oil red o, 596 
Oil scarlet, 596 
Oil vermilion, 601 
Oligodendroglia, 491 
Omentum, 35 

Omentum and mesentery spreads, 336 
Orange a, p or r, 596 
Orange extra, 596 
Orange g, 597 

Orange c and gentian violet, 190 
Orange c and safranin, 189 
Orange o, safranin and gentian violet 
(Flemming’s tri-color), 192 
Orange 11, 596 
Orange iii, 592 
Orange mno or mn, 592 
Orcein, Unna’s, 425, 597 
Orientation methods, 621 
Orseilin bb, 597 
Orth’s fliiicl, 441 

Orthopteran cells, method for, 251 
Osgood-Haskins method, 297 
Osgood and Wilhelm, method of, 319 
Osmic acid: as a fat stain, 225 
for fixing I^rotozoa, 529 
Osmic acid mixtures, 559 
Osmic method for myelinated nerves, 440 
Osmium methods in cytology, 276 
Osteoblasts, processes of, 351 
Ottenberg and Rosenthal solutions, 322 
Ovaries, plant, fixation of, 214 
Oxygen, combining po\ver of blood, 299 

P.F.A.-3 (fixing fluid) , 561 
F.F.A.-15 (fixing fluid) , 561 
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P.F.A. mixtures, 561 

Pal modification of Weigert's method, 472 
Pal’s decolorizer, 409 
Panchrome stain, 329, 340 
Papez’s experiments in chromatolysis, 452 
Papez’s modification of Marchi’s tech- 
nique, 476 

Pappenheim stain, 341 
Paraffin, 620 
choice of, 15 
filtering, 621 
grade of, 15 
infiltrating with, 14 
infiltration, time of, 15 
as a medium, 4 
method, 6, 14 

for plant tissues, 179 
recent modifications of, 38 
ribbons: arranging of, 22 
expansion of, 22 
manipulation of, 20 
storage of, 21 
rubber, 62 1 
sections: cutting, 18 
spreading of, 21 
technique, for teeth, 360 
Paraffin oil, for plant tissues, 200 
Para-fuchsin, 597 
Para-rnagenta, 597 
Paramylum, 221 
I’ara-rosanilin, 597 
Pararosolic acid, 597 
Paris blue, 600 
Paris violet, 593 
Parker, Frederic B., 132, 402 
Parowax, 258 

Particulate matter for injections, 113 

Pectin, staining of, 196 

Peeling method for fossil plant material, 

175 

Pelecy pod muscle, 430 
Penfield, W. G., 467, 489 
Penfield’s method for oligodendroglia, 
first modification, 510 
second modification, 5 1 1 
Penfield’s oligodendroglia and microglia 
method, 511 

Perdrau’s modification of Bielschowsky’s 
method, 409 
Perenyi’s fluid, 559 
Perfusion with stain, 121 
Peritoneal fluid, methods for, 332 
Peroxidase reaction, 332 
Pelerfi micromanipulalor, 65 


6gi 

Petrifaction method for tooth sections, 358 

Phaeophyceae, 233 

Phagocytes, vital staining of, 111 

Phagocytic cells and supravital dyes, 117 

Phenolphthalcin, 597 

Phenol red, 597 

Phenylene blue, 595 

Phenylene brown, 579 

Phloxine, 590, 598 

Phloxine azure stain, 341 

Phosphine, 598 

Phosphomolybdic acid, Mallory’s, 613 
Phosphoric acid for decalcification, 347 
Ifliosphorus, loss of, 658 
Phosphotungstic acid hematoxylin, Mal- 
lory’s, 613 

Photoelectric cell in study of minerals, 
663 

Photoelectrometer for hemoglobin estima- 
tion, 301 

Photographic method for mineral resi- 
dues, 662 

Photometer ocular, 102 
Physical agents for fixation, 552 
Physical conditions in fixation, 564 
lhanese Illb for fungi, 238 
Picric acid: for decalcification, 347 
for destaining hematoxylin, 548 
as fixative, 555 
Picro-acetic mixture, 562 
for Protozoa, 533 
Picro-carmine, 611 
Picro-formol -aceticg, 5(3 1 
Picro-formol-acetic mixtures, 9^ 248 
Picro-mercuric fixative for Protozoa, 534 
Picro-nigrosin, 425 
Picro-sulphuric acid mixtures, 562 
Pigment in nerve cells, 469 
Pijper’s method, 314 
Pinacyanol, 598 
Piney’s pipette, 288 
Pipette shaker, automatic, 289 
Pipettes: cleaning, 292 
preparation of, 59 
Pith embedding, 178 
Plant, J. H., 443 

Plant cytological methods: choice of, 204 
types of, 205 

Iflant epidermis, maceration of, 173 
Plant histological methods, 156 
Jflant material: dehydration and clearing 
of, 161, 164 
preparation of, 156 
preservation of, 156 

Plant membranes, microchemical reac- 
tions in, 195 
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Plant sections: dehydration of, 161 
staining of, 184 

Plant tissues: decalcilication of, 160 
desi 1 i flea t ion of, 161 
free-hand cutting of, 176 
hand-microtome for, 176 
microtome section of, 177, 178 
preservation medium for, 159 
Plants, teasing method for, 173 
Idasma cells, supravital staining of, 130 
Plasma stain, 609 
Plasmodesmen, 205 
Plass and Rourke method, 311 
Platelet counting calculations, 294 
Platelet diluting solutions, 322 
Plathner precipitin reaction, 400 
Platinic chloride mixtures, 560 
Plimmer and Paine’s flagella stain, 141 
Podophyllum, 168 
Polarized light, 658 
Policard, A., 644, 646, 652, 656, 658 
Pollen studies, methods for, 243 
Pollen tubes, methods for, 24.4 
l\)lycliromatophilia, 320 
Polychronte stains for Ih’otozoa, 535 
Ponceau b, 579 
Ponceau 3B, 601 
Ponceau 2R, 598 

Ponceau r, ro, ij, 4R, 2RI’:, nr, j, br, or, 598 
Ponder and Millar method, 313 
Post-mortem stains, 607 
Potassium, 659 

Jh-att’s method for platelets, 295 
Pratt’s solution, 322 

Precipitin reactions with hone and teeth, 
400 

Precision needle holder, 84 
Preiswerk, method of, 393 
Prepared embryological material, 212 
Preservation of nervous tissue, 441 
Preserving fluids, 621 
Pressure ridges and section cracks, 421 
Processes of young osteoblasts, 351 
Progressive staining, 609 
Proportion of elements in fixatives, 556 
Protein in })lant cells, 221 
Protoplasm: ellects of micrurgical tech- 
nique upon, 63, 64 
pH of, 102 
physical state of, 102 
Protozoa, 522 
albumen smears, 530 
anesthetization of, 526 
associated forms, 526 


Protozoa — (Continued) 
blood-inhabiting, 542 
fixation of, 542 
staining of, 543, 544 
thick films of, 544 
wet films of, 544 

collodion and paraffin embedding of, 

contractile vacuoles, 527, 550 
ectozoic, 526 
endozoic, 526, 538 
fixation of, 531 

fixing and staining on slip, 531 
food vacuoles, 527 
free-living, 522 
handling in liiilk, 531 
intestinal, 538 

concentration methods for, 540 
examination of, 526 
fixation of, 539 
smears of, 539 
staining of, 539 
washing cysts, 539 
intra-vitam staining, 527 
killing and staining methods for, 528 
living, collection of, 522 
concentration of, 522 
examination of, 522 
mounting individual specimens of, 532 
permanent mounts, 530 
sectioning en masse, 537 
sectioning individuals, 538 
sectioning methods, 537 
Sedgwick- Rafter method for, 523 
slowing movements of, 526 
staining methods, 534 
permanent mounts, 534 
temporary killing and staining of, 528 
washing and dehydration, 532 
Protozoan collections, examination of, 525 
Protozoan cultures, examination of, 525 
ProtozQoIogical methods, 522 
Protozoology, niicrotechnique in, 97 
Pterklophytes, 240 

Pulp and dentine, innervation of: Depen- 
dorfs method, 389 
Huber’s method, 389 
Pulp canal, injection of, 374 
Pulp chamber, form of, 393 
Pulp chamber and canals: Adloff’s 
method for, 393 
Barrett’s method for, 395 
Fasoli and Arietta’s method for, 393 
Fisher’s method for, 393 
Hess and Ziircher’s method for, 394 
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Pulp clvdinheY— (Continued) 

MoraPs method, 394 
Preis work’s method for, 393 
Pure cultures, study of, 133 
Purpurin, 598 
Pyoktanin blue, 593 
Pyoktanin yellow, 578 
Pyoktaninum aureum, 578 
Pyramidal cells, 444 
Pyrenoids, demonstration of, 206 
Pyridine, as a fixative, 456 
Pyrogallol as a reducer, 454 
Pyronin b and y, 118, 599 
Py rosin b, 584 
Pyrosin j, 585 

Quantitative estimation of ash, 661 

in normal pathologic tissues, 661 
Quartz rod, parts of, 636 
Quigley, B., 473 

Radiolaria, 546 
Rainbow scarlet, 598 

Ranson’s modification of Cajal’s method, 

457 

Ranson’s pyridine silver method, 457 
Ranvier and Cohnheim, innervation of 
gingiva, 395 

Ranvicr’s ammonia carmine, 611 
Ranvier’s dissociating fluid, 439 
Ranvier’s gold chloride for nerve endings, 
477 

Ranvier’s nodes, 440 
Rat brains, fixation of, 249 
Reagents, 9 

preparation of, 620 
Reconstruction method, 286 
Reconstruction process, 286 
Red blood cells, 287 
agglutination, 317 
counting, 287 

hemagglutination and hemolysis, 314 
hypochromic, hyperchromic and or- 
thochromic, 320 
measuring, 31 1 

diffraction method of, 314 
photographic method of, 313 
projection method of, 313 
nuclear particles in, 321 
refractive granules in, 321 
resistance, 
to heat, 308 

to hypotonic salt solutions, 307 
sedimentation rate, 309, 310, 311 
sickling of, 318 


Red blood cells — (Continued) 
staining, 

of reticulum, 319 
supravital, 122 
stippling of, 320, 321 
structures of, 319 
suspension stability of, 309 
washing, 305 

Red blood counting pipette, 287 
Red violet, 588 
Rees and Ecker solution, 322 
Rees’ method for blood protozoa, 544 
Refractive granules, 321 
Refractory tissues, sectioning in paraffin, 
4.0 

Regaud’s hematoxylin, 535 
Rega lid’s iron hematoxylin method, 270 
for Protozoa, 535 
Regressive staining, 609 
Relief stains. Protozoa, 544 
Removal of nervous tissue from bod)’, 437 
Renal corpuscles, microinjection appa- 
ratus for, 94 

Renyi’s celluloid chamber, too 
Resin, 222 

in tissues, preservation of, 159 
Resinous mounting media for plant tis- 
sues, 200 

Resins, staining of, 196 
Resorcin blue, 599 

Reticulum: of red blood cells, staining of, 

319 

of reticulocytes, 123 
Retterer's stain, 424 
Reyniers’ microinjection apparatus, 92 
Reznikoff, method of, 306 
Rhodaminc b, 599 
Rhodamine o, 599 
Rhodophyceae, methods for, 234 
Ribbon, paraffin, 19 
expansion of, 22 
numbering, 21 
segments, arranging, 22 
splitting of, 19 
static electricity in, 20 
Ringer-formalin solution, 121 
Ringer’s solution for Protozoa, 526 
Rio-Hortega, P., 469. See also Hortega. 
de Rivas’ concentration method, 540 
Roger’s modification of Bielschowsky’s 
method, 466 

Romanowsky’s stain, 326, 599 

Root and stem tip, preparation of, 213 

Rosanilin, 599 

Rosazine, 578 

Rose bengal, 146, 147, 599 
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Rosinduline c;xf, 578 
Rosolic acid, 600 
Ross, L. S., 469 

Rotary mi crotomjs for plant tissues, 178 
Rourke and Ernstene method, 511 
Rubber paraffin, 258, 621 
Rubin, 586 

Russell’s stain for Protozoa. 544 
Rye as cytological material, 168 

Sabin, Florence R., 117 
Safranin, 138 

Safranin and aniline blue, 189 
Safranin and crystal violet for plant tis- 
sues, i8g, 191 

Safranin and fast green for plant tissues, 
188 

Safranin and hematoxylin, 187 
Safranin and light green for plant tissues, 
188 

Safranin o, 600 
Safranin and orange o, 189 
Saf rosin, 584. 

Sahli method, 295 

Saridrac, as a mounting medium, 40 
Saponification of plant fat, 225 
Sarcodina, 545 
Sarcolemma, 431 
striated muscle, 432 
Sarcosporidia, 551 

Saturation index, calculation of, 305 

Scarlet b or eg, 579 

Scarlet g or b, 600 

Scarlet j, jj or v, 584 

Scarlet r, 598 

Scarlet red, 601 

Schaeffer and Fulton, modification of 
Wirtz’ method, 141 
Scharlach red, 601 
Schaudinn’s fluid, 533 
for plant cells, 219 
Schmoii’s method, 350 
Schmuck, Louise, 265 
Schmuck and Metz, chromosomes of en- 
tire eggs, 265 

Schneider’s aceto-carmine, 612 
Schour’s method for l)one and teeth, 377 
Schultz, Brauns O., 652, 654, 659 
Schultz, 0., modification of CajaPs tech- 
nic, 462 

Sciara chromosomes, 265 
Scott, Gordon H., 615, 643, 649, 650, 652, 
657, 662 

Section methods, 3 

characteristics of, 5 


Section and non -section methods of pre- 
paring microscopical slides, 3 
Section thickness, 251 
Sectioning: cytological, 258 
plant tissues, 176, 177, 178 
Protozoa, 537 
woody tissues, 182 
Sections: arrangemetU of, 20 
bleaching of, 251 
compression of, 19 
cytological, with collodion, 261 
dehydration of, 163 
drying, 21 
faults in, 19 
hydrating, 24 
irregularities in, 20 
mounting, 21 

of plant material, clearing of, 163 
spreading of, 21 
staining of, 608 
of teeth, 

examination with polarized light, 379 
with reflected light, 385 
with ultraviolet light, 381 
with roentgen rays, 381 
thickness of, 625 
for embryos, 286 

Sedgwick-Rafter method for Protozoa, 523 
Sensitol red, 598 

Sharp’s modification of Heidenhain’s 
method, 548 
Shipley, P. G., 344 

Shour and Smith, enamel and dentine, 

Shrinkage during incineration, 653 
Shrinkage and swelling effects, balancing, 

556 

Sh link’s flagella stain, 142 
Sieve tubes, 159 
staining of, 194 
Silica, 659 
detection of, 196 
Silver gray, 596 

Silver impregnation methods: for ciliates, 
549 

for collagen, 406 
for Golgi apparatus, 275 
Silver nitra^te methods: Bielscliowsky’s, 463 
Cajal’s, 452 
Golgi’s. 445 

Silver oxide method for microglia, 515 
Silver staining, general observations on, 

503 

Simple fluids as fixatives: advantages of, 

554 

disadvantages of, 554 
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Sineke, G., 442 

Size and density in specimens, 564 
S j ova 1 1 ’s osm i n m m e t hod ,276 
Slide envelopes, 28 
Slider, Ethel N., 324 
Slides: cleaning of, 27 
labeling of, 28 
manipulating, 24 
Storing of, 28 

Sliding microtomes for cutting plant tis- 
sues, 177 

Slips, cleaning, 21 

Small objects: changing fluids on, 570 
handling of, 615 
Smear method, 33 
advantages of, 34 
cytological, 262 
Foot and Strobell, 264 
for plant tissues, 173 
Smearing, 5, 165 
Smears: blood, dry, 325 
wet, 331 

264 

germ cell, 33 
plant, 165 

hematoxylin-balsam method, 166 
Kaufmann’s method for, 168 
preparations, bacterial, 135 
staining, 264 
by 34 

Smears on cover glasses, 33 
Smears on slips, 34 

Smith’s modification of Newton’s method, 
171 

Smith’s myelin sheath stain, 473 
Smooth muscle, 430, 433 
Soap method for plant tissues, 179 
Sodium, 659 

Sodium -a 1 iza rin -sul phona te, 375 
Solid green, 591 
Soluble blue 3 M or 2R, 577 
Soluble yellow ol, 592 
Solutions: of aniline dyes, strength of, 604 
of solids as fixatives, 555 
advantages of, 556 
disadvantages of, 55(5 
Solvents: of aniline dyes, 603 
for stains, 605 
Sosman, R. B., 632 

Special dental structures, examination of, 

371 

Specimen, position of, in fixing, 565 
Specimens: condition of, at fixation, 247 
preliminary treatment of, 246 
preservation of, 626 
tinting, 627 


Spencer bright line chamber, 288 
Sperms in plants, staining of, 194 
Sphecius, 431 

Spinal cord: rapid method for staining, 
630 

reduced silver methods for, 453 
Spinal cord and brain stem, rapid staining 
methocl, 630 

Spireme in plant cells, 210 
Spirit blue, 600 
Spleen: fixation for, 337' 
stains for, 339, 340 
Zenker-formol fixation of, 338 
Sj)leen and lymph nodes, methyl -green- 
pyronin stain for, 341 
Sporangia: fixation of, 215 
methods for, 241 
of bryophytes, fixation of, 215 
Spore stains, 140 

Sporelings and epiphytes, methods for, 

235 

Spores: methods for, 239 
shrinkage of, 551 
Sporozoa, 550 
intestinal, 541 

Spreading, test for completeness of, 259 
Spreading sections, 21 
Spreads, 336 

Sprenkel, Berkelbach von der, method of, 

392 

Staining, 24, 570 
agents: 

chemical composition of, 605 
inorganic, 605 
nature of, 573 
organic, 573 
origin or source of, 573 
pliysical composition of, 605 
capacity, revival of, 571 
collagen, 405 
collodion sections, 31 
combinations, 605 

physical nature of, 605 
cytological, 260 
dissociated material, 608 
fibroglia, 403 
Ivy impregnation, 608 
muscle, 426 
plant tissues, 184, 185 
preparation for, 24 
progressive, 609 
regressive, 609 
sections, 608 
stretched material, 608 
time of, 25 
in toto, 12, 607 
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Stains: adjective, 608 
alcoholic, for plants, 186 
application of, 607 
aqueous, for plants, 185 
chemical nature of, 606 
combination for plants, 187 
composition of, 606 
concentration of, 606 
for fluid mounted material, 198 
general, 609 
bacterial, 136 
inorganic, 605 
intra-vitam, 607 
mordanting for, 604 
multiple, 606 
nuclear, 609 

physical composition of, 605 
plasma, 609 
post-mortem, 607 
progressive, 609 
regressive, 609 
relation of: to fixative, 604 
to character of material, 608 
selective, 609 
simple, 606 
solvents for, 605 
substantive, 608 
temperature of, 606 
in to to, 607 

Stains and staining, 573 

Starch, preservation of, 159 

Starch grains, demonstration of, 220 

Steel gray, 596 

Stohr, P., Jr., 462 

Storing slides, 28 

Streaming protoplasm, material for the 
study of, 100 
Stretched material, 608 
Stretching, 5 
advantage of, 36 
method, 35 

Striated muscle, sarcolemma of, 432 
Stromsten’s fluid for plant cells, 219 
Strong’s modification of Golgi’s method, 
448 

Subcutaneous tissue spreads, 336 

Suberin, staining of, 196 

Sublimate acetic, 557 

Sublimate alcohol for Protozoa, 533 

Sub-stage condenser, 73 

Substantive stains, 608 

Sudan c, 600 

Sudan ii, x or ax, 596 

Sudan ni, 600 

for staining fat in plant cells, 223 


Sudan iv, 601 

for staining fat in plant cells, 224 
Sudan r, 601 
Sudan red, 590 
Sugar in fixatives, 9 
Sugita, N., 444 
Sulphate formation, 660 
Sulphur, 222 
Sulphuric acid, 346 
Sulphurous acid, 346, 623 
Sultan 4B, 579 
Supravital dyes, 117 
fixation, 121 

reacting to one substance, 118 
reacting to several substances, 117 
Supravital staining, 117, 119, 265 
by immersion (Cowdry) , 265 
by injection, 266 
methods of, 1 1 8 
for basophiles, 125 
for blood, 122 
for cells from organs, 130 
for cerebrospinal fluid, 128 
for eosinophiles, 125 
for leucemic blood, 127 
for liver, 130 
for lymphocytes, 125 
for monocytes, 126 
for red blood cells, 123 
for white blood cells, 124 
Supravital stains, application of, 122 
Surface scums of cultui'es, 530 
Siitro, C. J., 615, 671 
Swank, R. L., 476. See Davenport 
Swiss blue, 593 
Synizesis in plant cells, 210 

Takahashi’s technic with osmic acid, 441 
Tallqvist’s method, 296 
Tannin, 222 

Taylor, William Randolph, 155 
Taylor and Kaufmann, smear method, 

263 

Taylor’s method, 168 
Taylor’s microinjection apparatus, 90, 91 
Taylor’s micromanipulator, 64 
Taylor’s modification of Flemming’s fluid, 
218 

Teased muscle tissues, 422 
Teasing, 6, 36 

Teasing method for plant tissues, 173 
Teeth: enamel cuticle of, 371 
examination of, 
by polarized light, 379 
by reflected light, 385 
by roentgen rays, 381 
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Teeth — (Continued) 
frozen sections of, 37 1 
grinding of, 353 

household cement method, 356 
sections on wheel, 354 
preparation of, for grinding, 356 
sections of, 385 
study by ultraviolet light, 381 
whole, examination of, 353 
Tellyesniczky’s fluid, 558 
Temperature and fixation, 10 , 

Temperature control, 650 

in quartz rod illumination, 639 
Temperatures for cytological infiltration, 
257 

Tetrachrome stain, MacNeal, 325, 327, 601 
Thickness of sections, 625 
Thin sections, Huber and Heuser method, 
623 

Thionin, 601 

Thionin, alcoholic, for mast cells, 342 

Thionin stain for Nissl bodies, 450 

Thoma pipette, 288 

Thymol blue, 602 

Tinting specimens, 627 

Tissue culture, micrurgical technicpie in, 

lOl 

Toisson’s solution, 287, 323 
Toluene red, 322 
Toluidine blue, 342, 343 
Toluidine o, 602 

Toning: after Bielschowsky’s method, 464 
Cajal’s method, 454 
Roger’s method, 466 
Tony red, 600 
Torpedo, 434 

Tooth germ, development of, in vitro, 399 
Tooth germ element, transplantation of, 
397 

Toxic neutrophilfes, 330 

Tradescantia, 168, 212 

Trenner’s pipette, 288 

Trephine method for bone marrow, 338 

Triacid stain, 330 

Trichites, 549 

Trichloracetic acid, for decalcification, 347 
Trichocysts, 549 
Trioxyhematein, 575 

Trojoda’s method for innervation of cien- 
tine, 391 

Tropeolin d, 592 

Tropeolin o, 592 

Tropeolin 000 no. 2, 596 

Trophospongium in nerve cells, 469 

Trypan blue, 602 

Trypan red, 602 
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Tuan’s destaining method, with picric 
acid, 548 

Tuan’s modification of hematoxylin stain, 

190 

Tuan’s safranin and picric acid technique, 
171 

Ultraviolet light, 657, 658 
Ultropak illuminator, 74 
Ultropak micromanipulator, 74 
Unna’s methylene blue, 433 
Unna’s orcein, 425 

for elastic fibers, 415 
Unsupported material, 3 
Uranin, 586 
Uranium, 660 

Uranium-formol method of Cajal, 467 

Urea in fixatives, 9 

Urethane, Castro’s formula, 459 

Vacuoles of digestion, 117 
Vacuum system, 651 
Van Allen method, 303 
Van Gieson’s picric add and add fuchsin, 
405» 423 

Van Gieson’s stain, 405 
Van Huysen, Hodge, Warren and Bishop, 
method for study of dentine, 383 
Van Slyke and Neill method, 301 
Van Slyke and Stadie method, 299 
Vapors as fixatives, 562 
Vascular endothelium, vital staining of, 
112 

Vascular injection of dyes for supravital 
reactions, 120 
Vaseline for sealing, 123 
Velthemia, 168 

Venetian turpentine infiltration method, 
203 

Verhoeff’s elastic tissue method, 414 

Verhoeff’s stain, 444, 613 

Verocay’s stain for collagen, 406 

Veronal as a fixative, 455 

Vesuvin, 579 

Victoria blue b, 602 

Victoria blue r, 602 

Victoria rubin, 577 

Violamine 3B, 585 

Violet G, G or 7B, 583 

Violet R, RR or 4RN, 588 

Vital dyes, 117 

injection of, 120 
specificity of, iii 
Vital neutral red, 117 
Vital red, 603 
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X'itcti staining: applicability of/ 112 
injection routes I’or, 110 
technique of, 113 
types of material used for, 1 1 1 
Vital stains, no 

combinations of, 11 5 ^ 

\'olatilization of inorganic salts at heats of 
incineration, 657 

Volume of bloocl cells, method of deter- 
mining, 303 

Volume index: blood, 364 
method of obtaining, 304 
Volutin, 221 
Volvociciae, 548 

Von Mollendorf’s iron hematoxylift, 613 

Walker’s application of Ciajal technic, 456 
Washing, 11, 253 
adjuvants for, 11 

duration and extent of action, 570 
facilitation of, 11 

after fixation, 569 / 

medium for, 11, 569 
after staining, 25 
time of, ri 
Water blue, 577 
Water soluble eosin, 584 
Weigert’s elastic tissue stain: Hart’s modi- 
' -fication, 414 
Meyer’s modification, 471 
Weigert’s hematoxylin, 471 
differentiating fluid, 470 
modifications of, 471 . 

myelin sheath method, 469 . 
neuroglia mordant, 470 %' 

Weigert’s Mann-Kopsch method, 277 
Weigert’s method for elastic fibrils, 413 
Weil’s myelin sheath stain, 474 
Wenrich, D. H., 522 

Wenrich and Geiman’s modified Schau- 
dinn’s fluid for Protozoa, 533 
Wet knife for paraffin sections, 623 
Wetzel’s picro-formol-acetic, 533, 534 
White blood cells, 

counting, 292, 293 
supravital staining, 124 
’iVhite fibrous tissue, teasing, 36 
White’s method for interglobiilar spaces, 
3^7 


Whole mounts: of emlnyos, 282 
time schedule for, 285 
of fixed specimens, 282 
Widmark and 0 rskov burette, 93 
Wilder’s silver stain for reticulum fibers, 
412 ' ' ’ 

Williams’ silver nitrate method, 374 
Wilson’s blood stain, 326 
Windle's experiments in chromatolysis, 
■452 ' 

de Wihivvayter, H., 250 
Wintrobe method of determining lilood 
cell volume, 303 
\Virtz’ method, 141 

Wolbach’s Giemsa stain, if>i 1 

Wolf quartz roefi 632 
Woods, maceration of, 174 
Woody material, preservation of, 159 
Woody tissues, sectioning, 40 
Wool orange 20, 597 
Wool red, 577 
Worcester’s fluid, 557 
'Wratten and Wainwright filters, 616 
Wright and Kinnicutt solution, 323 
Wright’s blood stain, 326, 603 . 
for Protozoa, 543 

Wright's megacaryocyte stain, 334 
Wright’s methylene blue azure, 117 
Writing fluids, staining Protozoa with, 529 

Xanthene, 598 

Xanthophyceae, preparation of, 230 
Xylidii€ Ponceau 3US, 598 

Vellow elastic tissue, leasing method for, 

36 ■ 

Yellow M, 592 
Yellow \VR, 580 
Yocum’s picro-mercuric, 534 
‘'Yolk-laden eggs, sectioning, 40 

Zeckwer and Goodell method, 309 
Zenker-formol, 558 
Zenker’s fluid, 423, 427, 431, 55 ^ 
Ziehl-Gahbet method, 139 
Ziehl-Neelscn method, 139 
Zichl’s carbol-fuchsin, 136 
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